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1. Abstract

Semmens, D.J., S.N. Miller, M. Hernandez, 1.S. Burns, W.P. Miller, D.C. Goodrich, W.G. Kepner, 2004, Automated Geospatial Watershed Assessment
(AGWA) - A GIS-Based Hydrologic Modeling Tool: Documentation and User Manual; U.S. Department of Agriculture, Agricultural Research Service,
ARS-1446.

Planning and assessment in land and water resource management are evolving from simple, local-scale problems toward complex, spatially explicit
regional ones. Such problems have to be addressed with distributed models that can compute runoff and erosion at different spatial and temporal
scales. The extensive data requirements and the difficult task of building input parameter files, however, have long represented an obstacle to the
timely and cost-effective use of such complex models by resource managers.

The USDA-ARS Southwest Watershed Research Center, in cooperation with the U.S. EPA Office of Research and Development, has developed a
GIS tool to facilitate this process. A geographic information system (GIS) provides the framework within which spatially-distributed data are collected
and used to prepare model input files and evaluate model results for two watershed runoff and erosion models: KINEROS2 and SWAT.

AGWA is designed as a tool for performing relative assessment (change analysis) resulting from land cover/use change. Areas identified through
large-scale assessment with SWAT as being most susceptible to change can be evaluated in more detail at smaller scales with KINEROS2. Results
can be visualized as percent or absolute change for a variety of output and derived parameters. These features are intended to assist resource
managers in identifying the most important areas for watershed restoration efforts and preventative measures.

Contents
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2. Disclaimer

The development of this document and the AGWA tool has been funded by the U.S. Environmental Protection Agency and carried out by the U.S.
Department of Agriculture's Agricultural Research Service. Mention of trade names or commercial products does not constitute endorsement or
recommendation for use by the Environmental Protection Agency or the Department of Agriculture. The Automated Geospatial Watershed
Assessment (AGWA) tool described in this manual is applied at the user's own risk. Neither the U.S. Environmental Protection Agency, the U.S.
Department of Agriculture, nor the system authors can assume responsibility for system operation, output, interpretation, or use.
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4. Introduction

The Automated Geospatial Watershed Assessment (AGWA) tool is a multipurpose hydrologic analysis system for use by watershed, water resource,
land use, and biological resource managers and scientists in performing watershed- and basin-scale studies. It was developed by the U.S.
Agricultural Research Service's Southwest Watershed Resource Center to address four objectives:

To provide a simple, direct, and repeatable method for hydrologic model parameterization
To use only basic, attainable GIS data
. To be compatible with other geospatial watershed-based environmental analysis software
To be useful for scenario development and alternative futures simulation work at multiple scales.

AGWA provides the functionality to conduct all phases of a watershed assessment for two widely used watershed hydrologic models: the Soil Water
Assessment Tool (SWAT); and the KINematic Runoff and EROSion model, KINEROS2. SWAT, developed by the U.S. Agricultural Research Service, is
a long-term simulation model for use in large (river-basin scale) watersheds. KINEROS, also developed by the U.S. Agricultural Research Service, is
an event driven model designed for small (< —100 km?2) semi-arid watersheds. The AGWA tool has intuitive interfaces for both models that provide
the user with consistent, reproducible results in a fraction of the time formerly required with the traditional approach to model parameterization.

Data used in AGWA include Digital Elevation Models (DEMs), land cover grids, soils data, and precipitation data. All are available at no cost over
the internet for North America, and other areas around the world. A more detailed description of these data types can be found in the Data

Requirements section below.

AGWA is an extension for the Environmental Systems Research Institute's (ESRI's) ArcView versions 3.x, a widely used and relatively inexpensive
geographic information system (GIS) software package. The GIS framework is ideally suited for watershed-based analysis, which relies heavily on
landscape information for both deriving model input and presenting model results. In addition, AGWA shares the same ArcView GIS framework as
the U.S. Environmental Protection Agency's Analytical Tool Interface for Landscape Assessment (ATILA), and Better Assessment Science Integrating
Point and Nonpoint Sources (BASINS). This facilitates comparative analyses of the results from multiple environmental assessments. In addition,
output from one model may be used as input in others, which can be particularly valuable for scenario development and alternative futures
simulation work.
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5. AGWA Tool Overview

The AGWA tool, packaged as an e an extension for the ESRI ArcView 3.x GIS software, uses geospatial data to parameterize two watershed runoff
and erosion models: KINEROS, and SWAT. A schematic of the procedure for utilizing these models with AGWA is presented below in figure 5a.

AGWA is a modular program that is designed to be run in a step-wise manner.

Navigating Through AGWA

(Generate Watershed QOutline Grid
Subdivide Watershed Into Model Elements | Pofygon
@D Choose the model to run KINEROS2
|
Intersect Soils and Land Cover Look-up tables
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Figure 5a. Flow chart showing the general framework for using KINEROS and SWAT in AGWA.
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The AGWA extension for ArcView adds the '"AGWA Tools' menu to the View window, and must be
run from an active view. The AGWA Tools menu is designed to reflect the order of tasks necessary
to conduct a watershed assessment, which is broken out into five major steps:

Watershed delineation and discretization

Land cover and soils parameterization

Writing a precipitation file for model input

Writing parameter files and running the chosen model
Viewing results

aprpwNPE

In more detail...

Step 1: The user first creates a watershed outline, which is a grid based on the accumulated flow
to the designated outlet (pour point) of the study area. A polygon shapefile is built from the
watershed outline grid. The user then specifies the threshold of contributing area for the
establishment of stream channels, and the watershed is divided into model elements required by the
model of choice. From this point, the tasks are specific to the model that will be used, but both
follow the same general process. If internal runoff gages for model validation or ponds/reservoirs
are present in the discretization, they can be used to further subdivide the watershed.

Step 2: AGWA is predicated on the presence of both land cover and soil GIS coverages. In step
2, the watershed is intersected with these data and parameters necessary for the hydrologic model

Delineate ' aterzhed

Fun Landcover and Soilz Parameterization

KINEROS
Write KIMEROS Precipitation File
Write Output File and Bun KIMERDS
Yiew KINEROS Results

Remn Exizting Simulation

SWAT
Wirite SWAT Precipitation File
Werite Output and Bun SwisT
Wiew SWAT Hesults

Remn Exizting Simulation

Advanced Optiohz

runs are determined through a series of look-up tables. The hydrologic parameters are added to the polygon and stream channel tables.

Step 3: Rainfall input files are built. For SWAT, the user must provide daily rainfall values for rainfall gages within and near the watershed. If

multiple gages are present, AGWA will build a Thiessen polygon map and create an area-weighted rainfall file. For KINEROS, the user can select from

a series of pre-defined rainfall events or choose to build his/her own rainfall file through an AGWA module. Precipitation files for model input are

written from uniform (single gage) rainfall or distributed (multiple gage) rainfall data.

Step 4: At this point, all necessary input data have been prepared: the watershed has been subdivided into model elements; hydrologic

parameters have been determined for each element; rainfall files have been prepared. The user can proceed to run the hydrologic model of choice.

Step 5: AGWA will automatically import the model results and add them to the polygon and stream maps' tables for display. A separate module

controls the visualization of model results. The user can toggle between viewing the total depth or accumulated volume of runoff, erosion, and

infiltration output for both upland and channel elements. This enables problem areas to be identified visually so that limited resources can be focused

for maximum effectiveness. Model results can also be overlaid with other digital data layers to further prioritize management activities.
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6. Hardware and Software Requirements

The AGWA tool is not a stand alone program. It requires the Environmental Systems Research Institute's (ESRI) ArcView 3.x software and the
Spatial Analyst Extension for working with grid-based data. AGWA is available in two releases, as an extension for BASINS 3.1 and as a stand alone
extension, both requiring the aforementioned software. The AGWA tool is designed to run on Microsoft Windows versions 95, 98, NT 4.0, 2000, ME,
and XP. Processor speed does have a significant impact on the time required to perform the watershed delineation and other tasks in AGWA. For
reference, the following table lists the time required to delineate and discretize watersheds of different sizes at different levels of geometric
complexity (contributing source area), using a Pentium 111, 866 MHz with 256 Mb RAM.

Discretization Level (CSA)
Watershed Area Boundar
(km?2) Delineation >'/I'ime 20% 10% 2.5%
150* 0:03 0:22 0:25 0:27
150 0:56 0:28 0:35 0:43
750 1:18 0:48 1:13 1:30
1940 2:03 2:50 2:45 3:20
3370 3:03 5:37 5:43 6:13
7550 6:50 9:05 9:30 10:36

* Data was clipped to small buffer around the watershed.
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7. Installation

The AWGA tool comes as a collection of files that are necessary for its operation. These files are organized as follows in both agwal_4.zip, and the
AGWA CD:

ArcView extension agwal_4.avx

Datafiles directory - database files and supplementary extensions (gridO1l.avx, and xtools.avx).
Models directory - model executables and associated files

GlSdata directory - example data

Documents directory - presentations and example documents

Manual directory - user manual and associated files

For users downloading the file agwal_4.zip please unzip these files and directories to a directory named AGWA, e.g. C:\AGWA.

For users with an AGWA CD, please copy the entire AGWA directory to your computer, creating e.g. C:\AGWA. Once this directory has been
established you will need to change the permissions for it (everything is converted to ‘read only' when written to the CD).

Confirm Attribute Changes x|

For Windows 2000 and XP - Right click on the AGWA directory and uncheck
the 'read only' box. When you click 'OK" or 'Apply’, the Confirm Attribute
Changes window (left) will pop up and prompt you to choose whether you
would like to apply the change to just the specified AGWA directory, or to
also include subfolders and files. Please select the latter as shown here to unset read-anly
ensure that ‘'read-only* is unset for all files in the directory.

For .
_ 2 x| Do you wank to apply this change bo this Folder anly, or do you want ko

apply it to all subfolders and Files as well?

5 Tvpe the name of a program, Folder, document, or " apply changes ta this Folder anly

You have chosen to make the following atkribute changeds):

Internet resource, and MWindows will open it For wou,
& Apply changes to this Folder, subfolders and Files

I, I Cancel

Windows 95, 98 and NT - File permissions cannot be set recursively for subfolders and files through a folder properties window. Instead select '‘Run' from
the Start Menu to bring up the window shown on the right. Type "attrib -R C:\AGWA\*.* /S" in the text box to open a DOS window and hit return or click
'OK". Substitute the location of your AGWA directory if you have used something other than C:\AGWA.

When the AGWA directory and its associated subdirectories has been created on your hard drive:

Drag or paste the extension file (agwal_4.avx) into the \ESRINAV_GIS30\ARCVIEW\EXT32\ directory. Two supplementary extensions (gridO1.avx, and
xtools.avx) can optionally be copied from the 'datafiles' subdirectory to \ESRINAV_GIS30\ARCVIEW\EXT32\. These two extensions provide the user with
additional capabilities when preparing data for AGWA, and potentially for analyzing results within ArcView.

Open ArcView and select 'Extensions..." from the 'File' menu. To activate the AGWA extension click the box next to its name in the Extensions window and
then click 'Okay'. You are now ready to begin using AGWA, but be sure to read the File Management section first. If the two supplementary extensions will
be used then then they can be turned on at this time as well, but these can be turned on/off and used at any time.

Optional but highly recommended - set an AGWA environmental variable on your computer:

3.1 For Windows 2000 and XP

From the Start Menu select Settings --> Control Panel

Double click on the ‘System' icon

From the System Properties window select the ‘Advanced' tab, and then click the 'Environment Variables..." button.

For the user variables, click on the 'New' button and set its name to 'AGWA' (without the quotes), and its value to 'C:\AGWA' or wherever you have
established your AGWA directory. This will give AGWA a head start in locating files and save you time in the long run. ** Do not use spaces
anywhere in the path to this directory (e.g. "C:\My Documents\AGWA") because ArcView has problems dealing with file and folder names that
contain spaces.

Sow»

3.2 For Windows NT

From the Start Menu select Settings --> Control Panel

Double click on the 'System" icon

From the System Properties window select the 'Environment' tab, and then click the 'Environment Variables..." button.

For the user variables, click on the 'New' button and set its name to 'AGWA' (without the quotes), and its value to 'C:\AGWA' or wherever you have
established your AGWA directory. This will give AGWA a head start in locating files and save you time in the long run. ** Do not use spaces
anywhere in the path to this directory (e.g. "C:\My Documents\AGWA") because ArcView has problems dealing with file and folder names that
contain spaces.

Oow>

3.3 For Windows 95 & 98
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A. Open the file c:\autoexec.bat in a text editor - this can be accomplished by right clicking on the file in the Explorer window and selecting "Edit".
B. Add the following line to the autoexec.bat file:
set AGWA=agwadir
where 'agwadir’ is the folder that will contain all your AGWA-related files and directories, for example: C:\AGWA. Do not use spaces anywhere in the
path to this directory (e.g. "C:\My Documents\AGWA") because ArcView has problems dealing with file and folder names that contain spaces.
C. Restart your computer to activate the changes to autoexec.bat.
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8. Data Requirements

The AGWA tool is designed to be used with geospatially referenced data, which includes most data types supported by ArcView. These include:
coverages, shapefiles, and grids. Images can be used for reference within a view, but are not used directly by the AGWA tool. Specific data
requirements for each of the model components are outlined below, and are described in more detail in the sections describing each component.

Watershed Delineation

USGS Digital Elevation Model (DEM) - available at multiple sites
o http://edcwww.cr.usgs.gov/doc/edchome/ndcdb/ndcdb.html

o http://edcsns17.cr.usgs.gov/EarthExplorer/
o http://seamless.usgs.gov/ (easiest download site)
o http://datagateway.nrcs.usda.gov/
Point coverage or shapefile of gauging station location(s) (optional)

Land Cover and Soils Parameterization

. Land Cover grid
o North American Land Cover Characterization (NALC)
« http://www.epa.gov/owow/watershed/landcover/lulcny.html

5 Multi-Resolution Land Characteristics (MRLC) Consortium - National Land Cover Data (NLCD)
« http://www.epa.gov/mric/nlcd.html
« http://seamless.usgs.gov/ (easiest download site)
« http://datagateway.nrcs.usda.gov/

s New York - state-specific classification scheme
« http://www.epa.gov/owow/watershed/landcover/lulcny.html

o User-Defined - this can cover any other classification scheme
. Soil Polygon Map

1 State Soil Geographic Database (STATSGO) soils coverage/shapefile
« http://www.ncgc.nrcs.usda.gov/branch/ssb/products/statsgo/data/index.html (by state)
« http://water.usgs.gov/lookup/getspatial?ussoils (by basin)

s Soil Survey Geographic (SSURGO) Database - higher resolution soils coverage/shapefile.
« http://www.ncgc.nrcs.usda.gov/branch/ssb/products/ssurgo/data/index.html
= http://datagateway.nrcs.usda.gov/

o Food and Agriculture Organization of the United Nations (FAO) Digital Soil Map of the World - Low resolution global soils classification.
« http://www.tucson.ars.ag.gov/agwa/fao_soils.html
« http://www.fao.org/icatalog/search/dett.asp?aries_id=103540

KINEROS Precipitation Data (one of the following)

. Uniform, single gage (AGWA can format model input (*.pre) files)
o National Weather Service
« Precipitation Frequency Data Server http://hdsc.nws.noaa.gov/hdsc/pfds/
=« NOAA Atlas 2 http://www.nws.noaa.gov/oh/hdsc/noaaatlas2.htm
« TP-40 Precipitation Frequency Grids http://www.tucson.ars.ag.gov/agwa/rainfall_frequency.html
s AGWA design storm database, dsgnstrm.dbf - this is provided with AGWA, and should be located in the 'datafiles' directory
s User defined storms can be entered
Distributed, multiple gages (Input files require formatting by user - we have provided a Perl script in the 'datafiles' directory that can help with this if very
specific input data format requirements are met. The script is called convert.pl, and formatting requirements are contained within it.)
o National Weather Service
« National Climatic Data Center http://www.ncdc.noaa.gov/
=« Western Regional Center http://www.wrcc.dri.edu/

SWAT Precipitation Data (one of the following)

. Uniform, single gage (AGWA can format model input (*.pcp) files)
Distributed, multiple gages (AGWA can format weighted model input (*.pcp) files)
s National Weather Service
« National Climatic Data Center http://www.ncdc.noaa.gov/
=« NNDC Climate Data Online http://cdo.ncdc.noaa.gov/CDO/cdo
= Western Regional Center http://www.wrcc.dri.edu//
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9. File Management

File management in any ArcView-based application is extremely important. ArcView projects maintain references to many files that are generated or
used, and moving or deleting these files incorrectly will cause problems. Since this happens frequently when working and data directories are not
fixed (i.e. user-selected or default directories), the AGWA extension manages them for you. When the AGWA extension is loaded into a project it
prompts the user to select a name for a new project directory. This directory is then created and the project is automatically saved to it. In addition,
several additional subdirectories are created for writing various input and output files used by AGWA. This, in combination with the option to set a
system environmental variable '"AGWA', allows AGWA to locate many files without prompting the user, and in other instances when the user must
select a file it opens the appropriate directory when asking the user to select a file.

Prior to describing the AGWA data structure in more detail it is important to describe the various types of files used and created in an AGWA
project. These files can be split into six categories: primary coverages/grids, secondary or temporary coverages/grids, primary tables, secondary or
temporary tables, model executables, and model input/output files.

Primary Coverages/Grids - These include the major spatial data sets used in the watershed delineation, land cover and soils parameterization, and
in writing the precipitation files: DEM, land cover, soils, and rain gages. These are all data sets that you will be likely to use more than once, and
should be easily accessible. They can be located anywhere (locally is recommended to minimize processing time), but if they are moved after a
project is created then ArcView will lose its reference to them and prompt you to relocate them (a tedious process). For your convenience, we
suggest you store them in the 'gisdata’ directory under your AGWA home directory. This is where AGWA will prompt you to look first if the data has
not been previously added to the view.

Secondary or Temporary Coverages/Grids - These include any coverages/grids (themes) generated during an AGWA project. Secondary themes
are here taken to be those which may need to be accessed again, whereas temporary themes are generated as a byproduct of AGWA tasks. Both
types are written automatically to the ‘av_cwd' directory in your project directory, but the temporary themes are deleted when the task during which
they were created is complete. Secondary themes continue to reside in the 'av_cwd' directory with names that are set to be the same as in the
project so they can be easily identified. As with all themes in a project, the secondary themes should not be deleted until either the project is
deleted, or after they are deleted from the project.

Secondary themes generated during the course of a watershed assessment may include (in the order in which they are generated):

. Flow direction grid

. Flow accumulation grid
Stream channel grid (specific to a DEM)

. Watershed boundary grid

. Watershed shapefiles (upland elements and streams)
Thiessen polygon shapefiles (SWAT only, when more than 2 gages are used to generate the precipitation file)
Intersection shapefiles (SWAT only, when more than 2 gages are used to generate the precipitation file)

** Note that any themes generated by the user in a project with the AGWA extension loaded, but not using AGWA tools, will be written to the
‘av_cwd' directory associated with the project.

Primary Tables - Running AGWA requires a suite of database files used at various stages in the watershed assessment. These files are provided
with AGWA in the 'datafiles' directory, and should remain there to minimize inconvenience to the user. If the system environmental variable 'AGWA'
is set, then every time one of these files is accessed AGWA automatically points to the 'datafiles’ directory first. If the files are located elsewhere
then the user will have to browse to that new location every time. If the environmental variable is not set then AGWA will open to the project
directory. The primary tables include:

hgr.dbf - the hydraulic geometry relationships for watershed discretization, which are used to define channel geometries based on contributing source areas
. final_kin_soil_lut.dbf - the soil lookup table for KINEROS, which is used to derive the model hydrologic parameters from the soil coverage codes
. final_swat_soil_lut.dbf - the soil lookup table for SWAT, which is used to derive the model hydrologic parameters from the soil coverage codes
soil_lut.dbf - a secondary soil lookup table for SWAT
. dsgnstrm.dbf - a file containing design storm information for different durations and return periods. At this writing it only contains data for SE Arizona.
. wgnfiles.dbf - a file containing the weather generator stations in the western U.S. that are available in AGWA - for SWAT. This file contains pointers to the
weather generator files, which are described in the model input/output files.

Secondary or Temporary Tables - At various stages in a watershed assessment database files are generated by AGWA and/or the user and added
to the project. These files are by default written to the various project subdirectories, and should remain there to minimize inconvenience to the
user. By default, every time one of these files is accessed AGWA automatically points to the directory where it should reside. If the files are located
elsewhere then the user will have to browse to that new location every time. These files include:

. Rainfall tables - a rainfall database file for SWAT must be generated by the user and added to the project (it would be best if this is saved into the rainfall
directory). In addition, uniform rainfall files for KINEROS that are entered by the user through the 'Design Storm Data Entry' dialog.

. weights.dbf - this file is created as part of the Thiessen weighting during the generation of precipitation input files for SWAT, and is written to the 'av_cwd'
directory. It is added to the project as a table, and may be helpful to view, but does not ever need to be modified by the user. It is overwritten every time
a distributed precipitation file is generated for SWAT.

. swatpptfiles.dbf - this file maintains a record of all the various combinations of watershed configuration, precipitation files, the location of the precipitation
files, and the start/end dates for precipitation files. This file is written to the project subdirectory ‘rainfall’, and added to the project as a table. It is crucial
to the process of running SWAT and must not be deleted from the rainfall directory.

. Output tables - results from model simulations are written into channel and upland (plane) database files that are added to the project as tables. The names
for these output files are simple modifications of the simulation name; the channel output tables have a 'c' before the simulation name, and upland tables
have a 'p' before the simulation name. For KINEROS, the output table names end in '.out’, and for SWAT the output table names end in ".res’.

Model Executables - The KINEROS and SWAT executables are provided with AGWA, and should remain in the \AGWA\models directory for easy
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access. If the system environmental variable '"AGWA' is set then both KINEROS and SWAT will run automatically, otherwise the first time the
executables are called by AGWA during each session the user must point to the location where they are stored. For SWAT, AGWA places a copy of
the executable into the simulation directory where the input parameter files are being written. This is a requirement of the SWAT model and the
executable can be deleted once the model has been run if it will not be used again outside of AGWA.

Model Input/Output Files - Model input and output files are generated each time either KINEROS or SWAT is run. AGWA controls where these files
go in all instances, but there are some differences depending on the model.

KINEROS
o Input precipitation files (*.pre) are written to the ‘rainfall’ directory located in the project directory.
s Each time KINEROS is run, a file called 'kin.fil' located in the same directory as the KINEROS executable is modified to tell KINEROS which files to
use in the simulation. This file is overwritten every time the model is run, and will be created if it somehow doesn't exist.
s All KINEROS input parameter files (*.par) are written to a single subdirectory called ‘kin_sims’, which is located in the 'simulations’ directory under
the AGWA directory.
All KINEROS output files (*.out) are also written to the 'kin_sims' directory, which is located in the 'simulations’ directory under the AGWA directory.

s For each SWAT simulation a large number of input files are generated. Each of 11 file types are generated for each subwatershed in the watershed
discretization, in addition to14 other supporting file types of which there can be multiple files. Including the executable and output file that is a total
of 27 file types and frequently hundreds of files.

s Itis a requirement of SWAT that all files used in a simulation are located in a single directory. As a result, the SWAT executable, input and output
files are all copied or written to a SWAT simulation subdirectory. To keep these myriad files from getting mixed up each simulation is stored in its
own directory under the 'simulations’ directory, and is named by the user.

s Input precipitation files generated for SWAT (*.pcp) are written to the subdirectory ‘rainfall’ under the AGWA directory, and then copied to the
simulation subdirectory.

s Elevation bands data files genereated for SWAT Thiessen Polygon Weighting are written to the subdirectory 'elev' under the ‘rainfall' directory and
then accessed when writing the SWAT input files.

o Temperature files (*.tmp). These can be generated on the fly, but are more reliable if created by the user. If generated on the fly they are written
to the appropriate simulation subdirectory.

Setting Up the Project and the Working Directory - - -
The working directory is the default location where ArcView ! Create a new project directory
will write coverages, grids, and tables generated during the

X
watershed assessment process. When the AGWA extension | lE Name: Directaries: ok, |
is first turned on, the user is prompted to save/create a M C:hagwa

new project as shown below. AGWA will use the name Cermes]
provided by the user and create a standard project file = (= ch -
structure. Given the project name "agwa_proj" under "c:
\agwa\projects" as shown here, a directory will be £ backups
created called "c:\agwa\projects\agwa_ proj\", and the £ bands
project will be named "c:\agwa\projects\agwa_ proj £ datafil
\agwa_proj.apr". The current working directory for the ataties
project will be pointed to a folder called "c:\agwa 0 documents
\projects\agwa_ proj\av_cwd". (] £ evan
I 1 el 4 [
Dirives
| o x

The resultant file structure is shown here:
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BN agwa_proj ] 4
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‘= Back « = - | @Search L Folders @ | FEgLr i ) | FEEE

Address | c:\agwaiprojectsiagwa_prai j 6o
Folders X || Mame £ | Size | Type
-y My Documents o] |Eav_ewd File: Folder
=43 My Computer (rainfal File Folder
l£ 3% Floppy (A1) [ simulations File Folder

=-4=2) Local Disk (1)
{:I Ackroyd
E|{:I agwa
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@ gisdata
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{:I rnanual

EH:I projecks
Ea agwa_praj

----- {1 simulations -] | _bI
&

|3 object(s) (Disk free space: 9,23 GE) 0 bytes |E.EJI My Computer

All files created by AGWA in the course of the project will be placed in the current working directory. Please note: even if a a project has been
previously saved as another name, AGWA will force the user to save the project with a new name with the above-described file structure.

A Note About Moving Spatial Data - It is important to remember that ArcView spatial data (coverages, themes, shapefiles, and grids) should not
be moved from one directory into another using Microsoft Windows Explorer. This can create errors within the spatial data files, and should not be
attempted unless the entire directory (up one level from the data sets themselves) in which the files reside is moved. Alternatively, if individual
spatial data layers must be moved, then this should be done using ArcView. When a view is active, select 'Manage Data Sources' from the 'File’
menu at the top of the screen. This will bring up a window that will enable you to transfer data layers from one directory to another without breaking
the internal structure of spatial data files.

Contents
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10. Watershed Modeling

Since the development of the Stanford Watershed Model (Crawford and Linsley, 1966) numerous hydrologic models have been developed that use
watersheds as the fundamental spatial unit to describe the various components of the hydrologic cycle. Watershed models have five basic
components: watershed (hydrologic) processes and characteristics; input data; governing equations; initial and boundary conditions; and output
(Singh, 1995). Despite their uniform general structure, however, various treatments of the five model components has resulted in a significant range
of available model types. Distinguishing between these different model types is an important first step in selecting the appropriate model for a
project.

Watershed models are generally classified according to the method they use to describe the hydrologic processes, the spatial and temporal scales
for which they are designed, and any specific conditions or intended use for which they are designed. Some knowledge of these components is highly
recommended when selecting the combination that is best suited to a specific watershed and task.

Process Description

Watershed models can be divided into two main types according to how they treat the spatial component of watershed hydrology (figure 10a).
Lumped, or lumped-parameter models treat an entire watershed as one unit and take no account of the spatial variability in processes, input,
boundary conditions, or the hydrologic properties of the watershed. In contrast, distributed models ideally account for all spatial variability in the
watershed explicitly by solving the governing equations for each pixel in a grid. In reality, neither of these extremes are suitable for watershed
modeling because a lumped framework is a gross oversimplification and a distributed framework requires enormous amounts of data that is not
readily obtainable. As a result most models have combined aspects of both approaches and subdivide the watershed into smaller elements with
similar hydrologic properties that can be described by lumped parameters. This model type is commonly referred to as partially distributed, or quasi-
distributed.

PROCESS

[ |
| LuMPED | | QUASLDISTRIBUTED | | DISTRIBUTED |

| DETERMINISTIC | | MI{ED | | sTocHASTIC |

Figure 10a. Process-based classification of watershed models, after Singh (1995)

The description of the hydrologic processes within a watershed model can be deterministic, stochastic, or some combination of the two.
Deterministic models are models in which no random variables are used, i.e. for each unique set of input data the model will compute fixed,
repeatable results (e.g. Law and Kelton, 1982). The governing equations describing the hydrologic and soil erosion processes in a deterministic
model should be a major factor in selecting a model. Models with equations based on fundamental principles of physics or robust empirical methods
are the most widely used in computing surface runoff and sediment yield. Stochastic models, in contrast, use distributions for each variable to
generate random values for model input (e.g. Clarke, 1998). As a result, the output from a stochastic model is itself random, with its own
distribution, and can thus be presented as a range of values with confidence limits.

The vast majority of watershed models are deterministic, including both KINEROS and SWAT. Fully stochastic models, in which all components of
the model are stochastic, are virtually non-existent (Singh, 1995). Stochastic generation of input variables, however, is commonly used to optimize
models, or determine model sensitivity to various input variables. If only parts of a model are described by the laws of probability then it is
commonly referred to as quasi-deterministic, quasi-stochastic, or mixed.

Spatial Scale

A watershed can range from as little as one hectare to hundreds of thousands of square kilometers. The spatial scale for which a model is
designed can play a significant role in how specific processes are treated. Runoff in large watersheds (> 1000 km?2), for instance, is dominated by
channel storage. In contrast, runoff from small watersheds (< 100 km?2) is dominated by overland flow. For intermediate watersheds it is important
to account for the essential concept of homogeneity and averaging of hydrologic process in the models.

Spatial scale is an important criterion in the selection of a model because the storage characteristics may vary at different watershed scales, that
is, large watersheds have well developed channel networks and channel phase, and thus, channel storage is dominant. Such watersheds are less
sensitive to short duration, high intensity rainfalls. On the other hand, small watersheds are dominated by the land phase and overland flow, have
relatively less conspicuous channel phase, and are highly sensitive to high intensity, short duration rainfalls.

Temporal Scale

Hydrologic processes may occur at different time scales, therefore it is important to consider models that operate from event to daily to yearly
time scales. At the event time scale, models typically do not compute inter-storm soil moisture conditions and therefore this information must be
provided as an initial condition to initiate the model run. Event based models may be employed for storm events of relatively short duration or to
finalize the design of technically complex structural and nonstructural management practices. On the other hand, continuous-time hydrologic models
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can simulate precipitation, available surface storage, snowmelt, evapotranspiration, soil moisture, and infiltration in a seasonal framework. These
models typically operate on a time interval ranging from a fraction of an hour to a day. The principal advantage of continuous modeling is that it can
provide long-term series of water and pollutants loadings.

Land Use

Many studies have shown that the land uses within a watershed can account for much of the variability in stream water quality (Omernick, 1987;
Hunsaker et al., 1992; Charbonneau and Kondolf, 1993; Roth et al., 1996). Agriculture on slopes greater than three percent, for example, increases
the risk of erosion (Wischmeier and Smith 1978). A drastic change in vegetation cover, such as clear cutting in the Pacific northwest, can produce
90% more runoff than in watersheds unaltered by human practices (Franklin, 1992). The linkage between intact riparian areas and water quality is
well established (Karr and Schlosser, 1978; Lowrance et al., 1984). For example, riparian habitats function as "sponges", greatly reducing nutrient
and sediment runoff into streams (Peterjohn and Correll, 1984).

The percentage and location of natural land cover influences the amount of energy that is available to move water and materials (Hunsaker and
Levine, 1995). Forested watersheds dissipate energy associated with rainfall, whereas watersheds with bare ground and anthropogenic cover are less
able to do so (Franklin, 1992). The percentage of the watershed surface that is impermeable, due to urban and road surfaces, influences the volume
of water that runs and increases the amount of sediment that can be moved (Arnold and Gibbons, 1996). Watersheds with highly erodible soils tend
to have greater potential for soil loss and sediment delivery to streams than watersheds with non-erodible soils.

Moreover, intense precipitation events may exceed the energy threshold and move large amounts of sediments across a degraded watershed
(Junk et al., 1989; Sparks, 1995). It is during these events that human-induced landscape changes may manifest their greatest negative impact.

A direct and powerful link exists between vegetation and hydrological processes in semi-arid environments. Vegetation plays a pivotal role in
determining the amount and timing of the runoff which ultimately supplies mass and energy for the operation of hydrologic and erosive processes
(Graf, 1988). Most analyses that assess the variability of sediment yield demonstrate that at the lower end of the precipitation scale (representing
semi-arid conditions), small changes in annual precipitation bring about major changes in vegetation communities and associated sediment yields
(Graf, 1988). For example, for a mean annual temperature of 10° C, the Langbein and Schumm (1958) curve reaches a peak at an effective
precipitation of about 300 mm (figure 10b), trailing off at lower values because of lower runoff totals and at higher ones because an increasingly
abundant vegetation cover affords better protection against erosion.
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Figure 10b. Erosion as a function of precipitation. After Langbein & Schumm (1958)

It should be clearly noted that methods for transforming various land cover and land use characteristics into distributed hydrologic model
parameters are not well developed for a wide range of conditions. For management purposes, many approaches rely largely on empirical studies
from large numbers of small plots and catchments to relate land cover and land use to effective hydrologic model parameters. The curve number
method (Chow et al., 1988) and the USLE or RUSLE method for predicting soil erosion (Renard et al., 1997) are examples of this type of approach to
related land cover/land use to hydrologic model parameters. The transformation of land cover/land use conditions into meaningful hydrologic and
erosion parameters, and quantifying the associated uncertainty is a major challenge in watershed modeling.

Effects of aggregation of landscape attributes on watershed response

Recent papers (e.g. Roth et al., 1996; Weller et al., 1996) suggest that the importance of landscape features may change in different
environmental settings, or when moving from one spatial scale to another. Therefore, methods to analyze and interpret broad spatial scales are
becoming increasingly important for hydrological and ecological studies. Parameters and processes important at one scale are frequently not
important or predictive at another scale, and information is often lost as spatial data are considered at coarser scales of resolution (Meentemeyer and
Box, 1987). Furthermore, hydrological problems may also require the extrapolation of fine-scale measurement for the analysis of broad-scale
phenomena. Therefore, the development of methods that will preserve information across scales or quantify the loss of information with changing
scales has become a critical task.

Wood et al. (1988) carried out an empirical averaging experiment to assess the impact of scale. They averaged runoff over small subwatersheds,
aggregating the subwatersheds into larger watersheds, and repeating the averaging process. By plotting the mean runoff against mean subwatershed
area, they noted that the variance decreased until it was rather negligible at a watershed scale of about 1 km2. That analysis has been repeated for
the runoff ratio (Wood, 1994) and evaporation (Famiglietti and Wood, 1995) using data from Kings Creek, which was part of the FIFE ~87
experiment. Results from the experiment show that at small scales there is extensive variability in both runoff and evaporation. This variability
appears to be controlled by variability in soils and topography whose correlation length scales are on the order of 102 - 103m, typical of hillslopes. At
an increased spatial scale, the increased sampling of hillslopes leads to a decrease in the difference between subwatershed responses. At some scale,
the variance between hydrologic response for watersheds of the same scale should reach a minimum.
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Integration of geographic information systems and remote sensing in hydrologic modeling

Spatially distributed models of watershed hydrological processes have been developed to incorporate the spatial patterns of terrain, soils, and
vegetation as estimated with the use of remote sensing and geographic information systems (GIS) (Band et al., 1991; 1993; Famiglietti and Wood,
1991; 1994; Moore and Grayson, 1991; Moore et al., 1993; Wigmosta et al., 1994; Star et al., 1997). This approach makes use of various algorithms
to extract and represent watershed structure from digital elevation data. Land surfaces attributes are mapped into the watershed structure as
estimated directly from remote sensing imagery (e.g. canopy leaf area index), digital terrain data (slope, aspect, contributing drainage area) or from
digitized soil maps, such as soil texture or hydraulic conductivity assigned by soil series.

Over the past decade numerous approaches have been developed for automated extraction of watershed structure from grid digital elevation
models (e.g. Mark et al., 1984; O' Callagham and Mark, 1984; Band, 1986; Jenson and Dominque, 1988; Moore et al., 1988; Martz and Garbrecht,
1993; Garbrecht and Martz, 1993; 1995; 1996). O' Callagham and Mark (1984) define a digital elevation model (DEM) as any numerical
representation of the elevation of all or part of a planetary surface, given as a function of geographic location. The most widely used method for the
extraction of stream networks that has emerged is to accumulate the contributing area upslope of each pixel through a tree or network of cell to cell
drainage paths and then prune the tree to a finite extent based on a threshold drainage area required to define a channel or to seek local
morphological evidence in the terrain model that a channel or valley exists (Band and Moore, 1995).

The techniques used for delineation of the drainage path network by surface routing of drainage area and local identification of valley forms are
ultimately dependent on a topographic signal generated in a local neighborhood on the DEM. As the approach is used to extract watershed structure
with increasingly lower resolution terrain data, higher frequency topographic information is lost as the larger sampling dimensions of the grids act as
a filter. Therefore, if watershed structural information is used to drive the hydrological model, the scaling behavior and consistency of the derived
stream network with grid dimension needs to be addressed. One of the primary questions dealing with automated extracted channel network is that
of the appropriate drainage density. Some authors suggest criteria to find this appropriate scale. For example, Goodrich (1991) found a drainage
density of approximately 0.65 to 1.52 x 10-3m for watersheds greater than 1 hectare was adequate for kinematic runoff modeling in semi-arid
regions. Similarly, La Barbera and Roth (1994) proposed a filtering procedure based on the identification of threshold value for the quantity ASKk,
where A is the contributing area, S the stream slope and k = 2. This procedure consists in the progressive removal from the drainage network of the
first order stream which presents the minimum ASk value; the procedure is iterated up to a given target value for the area drained by first order
streams. Calore et al. (1997) found that above a certain threshold, an increase in resolution in the spatial description of drainage networks obtained
from a DEM cannot be directly linked to an increase of information. The criterion they used for assessing the amount of information contained in the
drainage was based on the information entropy concept of Shannon (1948).

Land use is an important watershed surface characteristic that affects infiltration, erosion, and evapotranspiration. Thus, almost any physically
based hydrologic model uses some form of land use data or parameters based on these data (Spanner et al., 1990; 1994; Nemani et al., 1993).
Distributed models, in particular, need specific data on land use and their location within the basin. Some of the first research for adapting satellite-
derived land use data was done by Jackson et al. (1976) with the US Army Corps of Engineers STORM Model (US Army Corps of Engineers, 1976).
However, most of the work on adapting remote sensing to hydrologic modeling has been with the Soil Conservation Service (SCS) runoff curve
number model (US Department of Agriculture, 1972). The SCS model has been widely used in hydrology and water resources planning of agricultural
areas. The model was originally developed for predicting runoff volumes from agricultural fields and small watersheds. However, it has been
expanded for subsequent use in a wide variety of conditions at many basin sizes including urban and suburban areas. In early work with remotely
sensed data, Jackson et al. (1977) demonstrated that land cover (particularly the percentage of impervious surface) could be used effectively in the
STORM Model (US Army Corps of Engineers, 1976). In a study of the upper Anacostia River basin in Maryland, Ragan and Jackson (1980)
demonstrated that Landsat-derived land use data could be used for calculating synthetic flood frequency relationships. Results can be erroneous if
land use is mislabeled. A study by the US Army Corps of Engineers (Rango et al., 1983) estimated that any individual pixel may be incorrectly
classified about one-third of the time. However, by aggregating land use over a significant area, the misclassification of land use can be reduced to
about 2% (Engman and Gurney, 1991).

More recently, vegetation classification studies implementing digital satellite data have utilized higher spatial, spectral, and radiometric resolution
Landsat Thematic Mapper (TM) data with much more powerful computer hardware and software. These studies have shown that the higher
information content of TM data combined with the improvements in image processing power result in significant improvements in image processing
power resulting in significant enhancement in classification accuracy for more distinctive classes (Congalton et al., 1998).

A detailed analysis of the effects of the thematic accuracy of land cover is necessary before any attempt on using the hydrologic modeling tool to
determine the vulnerability of semi-arid landscapes to land cover changes. The accuracy of maps made from remotely sensed data is measured by
two types of criteria (Congalton and Green, 1999): location accuracy and, classification or thematic accuracy. Location accuracy refers to how
precisely map items are located relative to their true location on the ground. Thematic accuracy refers to the accuracy of the map label in describing
a class or condition on the earth. For example, if the earth's surface was classified as forest, thematic map accuracy procedures will determine
whether or not forest has been accurately labeled forest or inaccurately labeled as another class, such as water.

The widespread acceptance and use of remotely sensed data has been and will continue to be dependent on the quality of the map information
derived from it. However, map inaccuracies or error can occur at many steps throughout any remote sensing project. According to Congalton and
Green (1999), the purpose of quantitative accuracy assessment is the identification and measurement of map errors. Quantitative accuracy
assessment involves the comparison of a site on a map against reference information for the same site. The reference data is assumed to be correct.

The history of accuracy assessment of remotely sensed data is relatively short, beginning around 1975. Researchers, notably Hord and Brooner
(1976), van Genderen and Lock (1977), proposed criteria and techniques for testing map accuracy. In the early 1980s more in-depth studies were
conducted and new techniques proposed (Rosenfield et al., 1982; Congalton et al., 1983; and Aronoff, 1985). Finally, from the late 1980s up to
present time, a great deal of work has been conducted on accuracy assessment. An important contribution is the error matrix, which compares
information from reference sites to information on the map for a number of sample areas. The matrix is a square array of humbers set out in rows
and columns that express the labels of samples assigned to a particular category in one classification relative to the labels of samples assigned to a
particular category in another classification. One of the classifications, usually the columns, is assumed to be correct and is termed the reference
data. The rows usually are used to display the map labels or classified data generated from remotely sensed data. Error matrices are very effective
representation of map accuracy, because the individual accuracy of each map category are plainly described along with both errors of inclusion
(commission errors) and errors of exclusion (omission errors) present in the map (Congalton and Green, 1999). A commission error occurs when an
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area is included in an incorrect category. An omission error occurs when an area is excluded from the category to which it belongs. In addition to
clearly showing errors of omission and commission, the error matrix can be used to compute overall accuracy.

Soils information derived from a GIS are generally gathered in a similar manner to vegetation, with the exception that remote sensing often
cannot provide critical information about soil properties, especially if the soil is obscured by a vegetation canopy (Band and Moore, 1995). Substantial
progress has been made in estimating near-surface and profile soil water content with active and passive microwave sensors and in the estimation of
hydraulic properties by model inversion (e.g. Entekhabi et al., 1994). However, in general, soil spatial information is the least known of the land
surface attributes relative to its well-known spatial variability that has been observed in many studies (Nielsen and Bouma, 1985).

10.1 Kinematic Runoff and Erosion Model - KINEROS

KINEROS utilizes a network of channels and planes to represent a watershed and the kinematic wave method to route water off the watershed (figure
10.1a). It is a physically-based model designed to simulate runoff and erosion for single storm events in small watersheds less than about 100 km?2.
More detailed technical information about KINEROS can be found at http://www.tucson.ars.ag.gov/kineros/.
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Figure 10.1a. A schematic representation of the KINEROS program.

10.2 Soil Water Assessment Tool - SWAT

The Soil and Water Assessment Tool (SWAT) (Arnold et al., 1994) was developed to predict the effect of alternative management decisions on water,
sediment, and chemical yields with reasonable accuracy for ungaged rural basins. It is a distributed lumped-parameter model developed at the USDA
Agricultural Research Service (ARS) to predict the impact of land management practices on water, sediment and agricultural chemical yields in large
(basin scale) complex watersheds with varying soils, land use and management conditions over long periods of time (> 1 year). SWAT is a
continuous-time model, i.e. a long-term yield model, using daily average input values, and is not designed to simulate detailed, single-event flood
routing. Major components of the model include: hydrology, weather generator, sedimentation, soil temperature, crop growth, nutrients, pesticides,
groundwater and lateral flow, and agricultural management. The Curve Number method is used to compute rainfall excess, and flow is routed
through the channels using a variable storage coefficient method developed by Williams (1969). Additional information and the latest model updates
can be found at http://www.brc.tamus.edu/swat/.

Contents
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11. Watershed Delineation

Watershed delineation is the first step in the process of using the AGWA tool. The Watershed Delineation dialog is called from the '"AGWA Tools'
menu, and is used for both KINEROS or SWAT. This dialog requires that you enter the basic data types (described in Chapter 8) that are required to
compute the watershed boundary and then divide the watershed into a series of planes or subwatersheds. The Watershed Delineation dialog is
organized into 7 components:

1. Digital Elevation Model (DEM) Input - If you have not
already added a DEM to the view, you are given the option #! Watershed Delineation ﬂ
to do so here; otherwise, select the DEM for the watershed
you would like to delineate from the combobox. Once a

DEM is selected (it must be actively selected from the Digital Elevation Model [DEM) Input

combobox), you are given the option of filling sinks. Sinks

are isolated depressions in the elevation surface that can

cause flow routing problems, and are common in USGS " Add DEM Help |

DEMs that have not been corrected. The 'Accept’ button

must be clicked before proceeding to the next step. " Select From Sctive DEM's -

ezet |

2. Flow Direction Grid (FDG) Input - If a FDG for the DEM Active DEM: I Ll

selected in step 1 has not already been added to the view

you must click the ‘Create FDG' button to create one and

add it to the view, otherwise the FDG must be selected from

the combobox to the left**. Click 'Accept' to proceed to the Selected DEM: I Fill Selected DEM | ficoept |

next step.
3. Flow Accumulation Grid (FACG) Input - If a FACG for Ela Direction Grd [FLG] [nput

the DEM selected in step 1 has not already been added to
the view you must click the 'Create FACG' button to create
one and add it to the view; otherwise the FACG must be FOG: I
selected from the combobox to the left. Click ‘Accept’ to
proceed to the next step. At this point AGWA will create
the stream2500 grid and you must select a watershed Flovdeeumulation Grid [FACE] Hput
boundary option. You may select 'Use an existing
watershed' if a boundary already exists; a select dialog will
pop up after clicking 'Process' so that you may choose the FALG: I
correct existing boundary. You may also select 'Select
subwatershed from a SWAT watershed' if you want to
further delineate a subbasin of a SWAT watershed for a
KINEROS simulation. If selecting a subwatershed from a ; - ;
SWAT watershed, a dialog will open asking the name of the ™ lse an evisting watershed, |
existing SWAT watershed and ask you to supply a name for

the subwatershed. When selecting the subwatershed within = Select subwaterzshed from a SWAT waterzshed.
Cancel |

=] [Create FLIG | Soeept |

=] [Create FALE | Soeept |

Wiaterzhed Option

the SWAT watershed, you must select a subwatershed that
has no stream channels in it. Your final option is to create = Create a new watershed.
a new watershed boundary. The first option will take you

directly to step 4. The second or third option will take you
through the Watershed Outline dialog, before allowing you

to proceed to step 4.

4. Watershed Options - This step allows you to incorporate

internal gages, ponds/retention structures, or neither into #! Watershed Discretization ﬂ
the watershed delineation process. If internal gages or
ponds are selected, a dialog will open with a combobox Wiaterzhed Option

containing available point coverages. This dialog allows the
user to select poiqt Iocations_, representing.internal gages or = Use internal gages.

ponds, from a point theme in the AGWA View. To select Help
the points, first select the point theme and then click the

selection tool button in the lower left hand corner of the ¢ Use ponds.

dialog. This allows you to select gages/ponds by clicking Reset |
directly on them while holding the SHIFT key, or by
dragging a box around multiple points. The number of
gages/ponds selected is shown in the dialog box just to the
left of the "OK' button. ' atershed Mame

5. Watershed Name - Type the name of the watershed Enter the name of the watershed to be created: I

shapefile that you are creating, and then click "Accept'.
(Note that this name will be used for two shapefiles:

" Meither choice. Continue.

watershed configuration, and streams. To distinguish these Caontibuting &rea Threshold Walle
from other shapefiles in the view the letter ‘'w' will be added o . -
to the beginning of the watershed configuration, and the Cantributing Area Units = of Wi atershed
letter 's’ will be added to the streams.) 1657 |.-'1'-.I:rES LI I 5 R ficoept |
6. Contributing Area Threshold Values - This step tells -
AGWA the contributing source area (CSA) that is required fil adel Selection Cancel |
before flow becomes channelized. Smaller numbers result Select model o develon parameter file:
in a larger number of smaller planes and vice versa, so the BB ' I Select Model LI

CSA is a measure of the geometric complexity at which the
watershed is discretized. The default value is 2.5% of the
watershed area, and has produced the best results in a preliminary analysis. A more detailed investigation of and recommendations for appropriate CSA
values is not yet complete. The CSA can be changed by entering a specific area (units of acres or hectares can be selected) or by entering a percentage of
the watershed. Changing either one of these values causes the other to be updated, so it should be impossible to enter inconsistent values. Once the CSA
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value and units have been chosen click 'Accept’ to proceed.

7. Model Selection - At this point you must choose which model you intend to develop the parameter file for: KINEROS or SWAT. It is important to note that
the watershed shapefile you create is specific to the model you choose; a separate watershed shapefile will have to be created to run the other model. Once
the model is selected click 'Continue’ to select the hydraulic geometry relationship that will define the watershed channels. If a default hydraulic geometry

was chosen via Advanced Options, selecting 'Continue’ will bypass the Hydraulic Geometry dialog and begin the watershed discretization immediately.

**|f the DEM selected in step 1 has sinks and was not filled before creating the Flow Direction Grid, the Flow Direction Grid will have errors and will
not appear in this combobox, preventing you from proceeding.

A Note on Comboboxes - AGWA contains code to intelligently populate comboboxes based on the type of data it is expecting. If a combobox is
empty, it is likely because the data is either not present in the project or not in the format AGWA requires.

11.1 Stream2500 Grid

The stream?2500 grid (see image below) is a theme containing all of the streams for a specific DEM. It is created by selecting all cells from the flow
accumulation grid with values greater than 2500. In other words, it represents all cells in the DEM to which greater than 2500 upstream cells
contribute runoff. The stream2500 grid is used to guide the user in selecting a watershed outlet during the delineation process. Since there may be
more than one DEM used for watershed delineations within a view, the name of the DEM used to derive a particular stream2500 grid is written into
its comments, which can be viewed by clicking the 'Theme' menu and then selecting 'Properties'. The stream2500 grid does not require any attention
from the user, and may be deleted with no consequence if desired.

] streamzs00 =

I
[ IMHaata

| faegd

[Jo-sgz207

[]e9207 - 1324
[_] 128414 - 207
[ ]=zo07a21 - 276
[ ]zvas2s - 2g8
[ ] 246035 - 414
[ #15242 - 424
[ 4=4440 - 553¢
I 553656 - G622

- Mo [ ata

| fdgi —
L 1
I -
e +
I =
[ 118
= ==
I =4
I 1z=
|:| Mo D ata

_| Fill_150502020
[] 1036 - 1244
[ 11242- 1445
[ ] 1447 - 1652
[ ]1883- 1257
[ 1255 - 2063

-

[ 2064 - 2265

11.2 Watershed Outline

The Watershed Outline window is designed to allow the user to designate the location of the watershed outlet. The first step is to select either a
user-defined watershed outlet location, or a location in an active point coverage. The point location can come from any active point coverage or
shapefile, allowing the user to place the watershed outlet at known locations. If no such coverage exists, then choose the 'user-defined outlet
location' option. Depending on the option selected, enter the name of the outline to be created or select the point coverage that contains the desired
point location and enter the name of the outline to be created. Proceed to selecting the outlet location by clicking on the appropriate button after
choosing an outline name.
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i Watershed Outline x|

Ilze the cantrolz to zoam in on the watershed outlet
= & & ¢

Wwrhat will be used to locate the watershed outlet?

A uzer-defined outlet location

[ame the Dutline to be Created:

wihen ready, click herg - ¥

and themn on watershed outlet ﬁ

fyailable Point Coverages: | |

[iame the Dutline to be Created: I

wihen ready, click here) - >

and then select the outlet point

R

Help | Cancel

** Remember that the buttons at the top of the window provide the functionality to pan and zoom within the view.
11.3 Internal Gages

When internal gages are used in the watershed discretization process the watershed map will be split at those locations where gages are present.
This makes it possible to compare measured and computed discharge at a point or series of points. The same process is used when using SWAT
reservoirs or KINEROS ponds and is described in greater detail in Chapter 11.4.

e - H ** Please note that if a gage point location is more than
Gl Internal GagetEs ey ] 100 map units (usually meters) from a channel created
based on the contributing area threshold (CSA) value you
: 2 S entered for the discretization then AGWA will ask if you
plialeeuEleanansl el sl aosletaton: I ll would like to proceed without that point or if you would
like to stop and edit the point theme. Gages located
within this 100 meter radius of a channel will be snapped
Cancel | onto the channel if not exactly on it already. Additionally,
having gages in close proximity to one another is a known
cause of problems with the watershed discretization.

[Humber af Gages Selected: 0

Please see the Troubleshooting section for more information.

11.4 Ponds

The user is provided the option to include reservoir or pond elements when delineating the watershed. Pond and reservoir elements split the
watershed map on the locations of the elements. To use ponds or reservoirs, select the point theme containing the pond/reservoir elements and the
points to be included in the delineation process with the selection tool provided in the "Pond Locations" window. The point theme must contain an
"Id" field with values corresponding to those in the pond/reservoir text files. After the delineation is complete, a new point theme is created of the
ponds/reservoirs used during the process with a theme attribute table containing information specific to the model being applied.

i Pond Locations x|

Select file that contain: pond locations: | |

Mumber of Ponds Selected: 0 i | Help |

Point theme selection dialog
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Ponds for KINEROS see Chapter 11.4.a.

Reservoirs for SWAT see Chapter 11.4.b.

**Point locations should be within 100 m of a channel.

11.4.a KINEROS

KINEROS ponds represent detention storage elements with inflow from one or two channels. Flow from the elements is uncontrolled.

One input text file is required for processing ponds with the KINEROS model. AGWA asks for this file when the user chooses to run the model.
The comma-delimited file must be in the following format

ID, STOR, NUM
. Volume, Discharge, Surface area

. Volume, Discharge, Surface area
ID, STOR, NUM
. Volume, Discharge, Surface area

. Volume, Discharge, Surface area

Example:
0 1,0,4 <o ID, STOR, NUM
o 0.00, 0.00, 24959.11
o 3833.24, 0.49, 25345.83

28090.92, 1.31, 27728.55

IO S — ID, STOR, NUM
0.00, 0.00, 24959.11

3833.24, 0.49, 25345.83

o oo o

o 28090.92, 1.31, 27728.55

with NUM number of lines per ID containing volume in m3, discharge in m3, and surface areain m2. STOR isthe initial pond storage
volumein m3. Each ID from the point theme used during the delineation process must have a set of entriesin the text file. The formatting
requirements are very specific, so the user should make an effort to follow the above format as closely as possible. For example, a

decimal point must not follow any of the numbersinthe ID, STOR, NUM line; aternatively, two numbers must follow the decimal point for
each number on the subsequent lines.

**Note that it is possible for the KINEROS pond elements to be overwhelmed. This occurs when the rainfall and runoff entering the pond element
exceeds the volume and capacity of the pond element, as specified in the ponds input text file. This error may be hard to detect, because it may
appear that KINEROS runs to completion, when in reality it failed on the pond element. If AGWA does not regain control after a KINEROS run using
ponds, or the results are not imported properly, this is a clue that KINEROS did not run to completion. To fix this problem, increase the rating table
for the pond by adding more values to the pond input text file.

11.4.b SWAT

At the completion of the delineation process, the user will be asked to supply the input text file for the reservoirs. The format of the file will depend
on the Outflow Simulation Code selected in the "Reservoir Inputs" window (see image below). All reservoirs used in creating the watershed will use
the same Outflow Simulation Code and all necessary inputs will be contained in a single text file.
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X

Reszervoir Input Data:; Browsze | Accept |

Outflowe Sirulation Code Option

0, outflow for uncontralled reservor, average annual release rate

Process
= 1, measured manthly outflow

2, simulated controlled outflow--target release

I

Help
3, measured daily outflow

SWAT reservoir inputs dialog

The input files regardless of the Outflow Simulation Code must contain the following values in this order on ONE line:

ID, MORES, IYRES, ESA, EVOL, PSA, PVOL, VOL, SED, NSED, K, FLOWMX1, FLOWMX2, FLOWMX3, FLOWMX4, FLOWMX5, FLOWMX6, FLOWMX7,
FLOWMX8, FLOWMX9, FLOWMX10, FLOWMX11, FLOWMX12, FLOWMN1, FLOWMN2, FLOWMN3, FLOWMN4, FLOWMNS5, FLOWMNG6, FLOWMN?7,
FLOWMNS8, FLOWMN9, FLOWMN10, FLOWMN11, FLOWMN12

where ID is the point theme ID; MORES is the month the reservoir became operational; IYRES is the year the reservoir became operational (if
either MORES or IYRES is 0, SWAT assumes the reservoir is operational at the start of the simulation); ESA is the reservoir surface area when filled
to the emergency spillway (ha); EVOL is the volume of water needed to fill the reservoir to the emergency spillway (104m3); PSA is the reservoir
surface area when filled to the principal spillway (ha); PVOL is the volume of water needed to fill the reservoir to the principal spillway (104m3); VOL
is the initial reservoir volume (104m3); SED is the initial sediment concentration (mg/L); NSED is the equilibrium sediment concentration (mg/L); K is
the hydraulic conductivity of the reservoir bottom (mm/hr); FLOWMX1-12 is the maximum daily outflow for the month (m3/s); and FLOWMN1-12 is
the minimum daily outflow for the month (m3/s). For FLOWMX1-12 and FLOWMN1-12, you may set all months to zero if you do not want to trigger
this requirement.

Additional input values are required for each of the outflow simulation options. The following inputs must appear immediately after the inputs
listed above on the same line. It is important to note that all data associated with an ID is located on one line.

Outflow Simulation Code 0:
5 RR, the average daily principal spillway release rate (m3/s). The following example is a reservoir with a point theme ID of 2.
o 2,0,0,2444,17269,1445,6772,6772,350,350,0.08,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1000

Outflow Simulation Code 1:

s RESMONO, the full path name of the text file containing monthly outflow data. The following example is a reservoir with a point theme ID of 2.
2,0,0,2444,17269,1445,6772,6772,350,350,0.08,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, c:\agwa\projects\agwa_ proj\reservoir.txt
This monthly outflow data file is separate from the reservoirs input text file. It must be in the following format (comma-delimited):

« Line 1: can contain anything less than 80 characters (not used by SWAT)
Each line after contains the monthly values for one year of the simulation.
Ex: for reservoir #5
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0
Outflow Simulation Code 2:

o FLODIR, FLOD2R, NDTARGR, STARG1, STARG2, STARG3, STARG4, STARG5, STARG6, STARG7, STARG8, STARGY9, STARG10, STARG11, STARG12
Where FLOD1R is the beginning month of non-flood season; FLODZ2R is the ending month of non-flood season; NDTARGR is the number of days
required to reach target storage from current reservoir storage; STARG1-12 is the monthly target reservoir storage (104m3). The following example
is a reservoir with a point theme ID of 2.
2,0,0,2444,17269,1445,6772,6772,350,350,0.08,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,7,12,90,
6772,6772,6772,6772,6772,6772,6772,6772,6772,6772,6772,6772

Outflow Simulation Code 3:

s RESDAYO, the full path name of the text file containing daily outflow data. The following example is a reservoir with a point theme ID of 2.
2,0,0,2444,17269,1445,6772,6772,350,350,0.08,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, c:\agwa\projects\agwa_ proj\reservoir.txt
This daily outflow data file is separate from the reservoirs input text file. It must be in the following format:

« Line 1: can contain anything less than 80 characters (not used by SWAT)
Each line after contains the daily outflow value. There should be one line of data for each day of the simulation.

Data from the reservoir input text file is placed in a dbf-formatted table in the AGWA project. The structure of the table varies depending on the
selected outflow code and follows the same order as the input text files. This table can be edited; however, the outflow simulation codes cannot be
changed. When the user opts to run the simulation, AGWA looks for the pond theme ("p" + watershed name) and includes the pond elements in the
routing file (.fig) as well as writing the reservoir data files (.res, which contains all of the reservoir data; .lwq, which derives no user-inputs from
AGWA---these files contain the water quality data and can be modified in a text editor; daily or monthly outflow files, for code 1 or 3).

**Currently, AGWA only offers SWAT users the option of using reservoirs, though SWAT does support ponds. (SWAT defines reservoirs as detention
storage elements on a channel and ponds as detention storage elements within a plane. Also, AGWA supports only one reservoir per channel due to
the delineation routines used, whereas SWAT allows up to 3 reservoirs per channel.)

11.5 Hydraulic Geometry Relationships
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The final step in the watershed delineation and discretization process is to select a
predefined hydraulic geometry relationship. The Hydraulic Geometry Relationships ! Hydraulic Geometry Relationships x|
dialog has a dynamic appearance catered to both new users and experts. To

prevent new users from becoming confused by the limited predefined relationships

-

Hydraulic Geomety Option

available, the default window (as seen at the right) appears with the Default ) - Process |

Relationship radio button selected. The default relationship is the same relationship & : Default Relationzhip

that has been used in all past AGWA releases, but was hidden away in the code. Cancel |
" Advanced Felationship

If the user selects the Advanced Relationship radio button, the dialog's Help
appearance will change and appear as it does below. The dialog now allows the
user to select a predefined hydraulic geometry relationship from the HGR.dbf
(located in the AGWA/datafiles directory). The dialog also allows the user to create a new relationship that will automatically be saved to the HGR.
dbf table for future use. Additionally, if the user wants to make temporary adjustments (for the current discretization only) to a predefined
relationship, this can be accomplished by clicking on the Custom buttons, allowing the user to change the coefficients and exponents in the
corresponding equation. The advanced version of the dialog is useful for those intimately familiar with the watersheds with which they are working.

! Hydraulic Geometry Relationships x|

Hydraulic Geometm O ption

" Default Relationship

Cancel |
Help |

i+ {Advanced Relationzhip

Predefined Relationzhips

| =

i Define new relationship x|
Create Hew |

Enter the dezired parameters
]

Channel Width [m]=| % [Area) I Custom | Felatiorship name ||

Sidth coefficient | 0.00 Cancel

Channel Depth [m] =| % [&rea) ~ I Cusztom | \Width exponert [0.00

Depth coeflicient | 0.00

Depth exponent | 0.00

At the time of release, only two relationships are defined and come packaged with AGWA. These include a relationship for the Walnut Guich
Experimental Watershed located in Tombstone, AZ (Miller, 1995) and a relationship for North Carolina's Coastal Plain (Sweet and Geratz, 2003).

The relationships are known as bankfull hydraulic geometry relationships, and they define the bankfull channel width and depth based on
watershed size. Bankfull hydraulic geometry relationships are very useful in that they define channel topography with minimal input and effort by the
user. However, they have drawbacks too. The relationships are designed to be applied to very specific physiographic regions and outside of these
regions the performance of the relationships in accurately depicting the channel geometries declines severely. Also, deriving relationships for specific
regions is very labor intensive, requiring much field work and data analysis.

Additional hydraulic geometry options, such as setting a default relationship for all discretizations or redefining channel geometries for discretized
watersheds, can be accessed through the AGWA Advanced Options Dialog.

Contents
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12. Land Cover and Soils Parameterization

Before running the KINEROS or SWAT models on your AGWA watershed, hydrologic parameters must be derived from the land cover and soil data
and added to the attribute data of the watershed. The land cover and soils parameterization routine is not specific to either KINEROS or SWAT, but
will add different parameters to the watershed theme attribute table depending on which model is selected during the watershed discretization.

To begin the Soil and Land Cover Parameterization, select 'Run Land Cover and

i Soils and Land Cover Info X|| soils Parameterization’ from the AGWA tools menu. The 'Soils and Land Cover
‘W ahershed Info Info' window will open, allowing you to select the watershed to parameterize and
continue through the dialog. After choosing a watershed, select the radio button
‘wiatershed Theme | wh2 ;[ corresponding to the view that contains the land cover grid you wish to use and
then select the appropriate grid from the combobox. Next, select the land cover
Land Cover |rfo type, NALC, MRLC, New York, or User-Defined. At this point, you can default to the
: look-up tables provided with AGWA or you may choose a customized look-up table
[Land Cover Grid | -] ; ! f
to use with the land cover grid selected. If a User-Defined land cover was selected,
Land Cover Tume you are forced to select a custom look-up table. At this writing, the NALC, MRLC,
P | =] and New York land covers are the only data types for which look-up tables have
& Defaul O Cust been created, but you may still use customized or user-defined look-up tables.
el Lo The available data types for which lookup tables have been created (NALC, MRLC/
Custom look-up table | Ll A NLCD, and NY) are described in more detail in the Data Requirements section of
| the manual.

Once a data type has been selected, click '‘Continue’ to enable the Soils section
of the dialog. Again, select the radio button corresponding to the view that
contains the soils shapefile or coverage you wish to use and then select the theme
from the combobox. The combobox is populated with all coverages and shapefiles
Soils Caverage | Ll for which attribute data contain the fields '"MUIR' (SSURGO Soils) or

'MUID' (STATSGO Soils). AGWA knows which of the two soil data types (STATSGO
or SSURGO) has been selected based on the presence of one of these fields, and
will prompt the user for additional information if necessary. Click '‘Continue’ once a
soil theme has been selected.

Soilz Info

Before proceeding with the soil and land cover parameterization, AGWA will
check to make sure the selected watershed is completely T 5
contained within the selected soils theme. Unless your Watershed does not lie within soil theme
watershed theme is configured for SWAT and you're using
SSURGO soils data, you have the ability to turn off the warning

message seen to the right. To turn off the warning message, O The watershed does not lie entirely within the: zoil theme, AGW!S requires soil data far
uncheck the appropriate checkbox in the "Advanced Options' watershed, =0 the watershed must be contained within the extent of the zail theme. '
dialog, but remember this will turn off messages that may proceed anpway, but be advised AGWA may crash or the parametenization may be inz
appear elsewhere in AGWA as well. Additionally, if the

watershed theme is not contained by the soil theme, the Proceed anywan?

parameterization of the watershed will be less accurate. To
prevent AGWA from failing, you will not be able to proceed when
using SWAT and SSURGO when the soil map is not large enough.

** If no soils themes (with one of the mentioned field names in
the feature attribute table) are available in the selected view, AGWA will inform you of such. If no themes are present in either view simply click
'‘Cancel’, add the data to the view, and then rerun ‘Land Cover and Soils Parameterization' from the AGWA Tools menu.

12.1 STATSGO Soil Weighting for KINEROS

The following section outlines the logic used in deriving hydrologic parameters for input into KINEROS based on the STATSGO soils data. The process
is designed such that the relationship between soil texture and associated hydrologic parameter values can be manipulated by the user if deemed
necessary. To make this relationship as transparent as possible the parameter values associated with each soil texture are provided in the form of an
editable look-up table (Table 12.1a, kin_lut.dbf) that is referenced when soil properties are weighted for each model element.

To get an average value for each of the KINEROS input parameters on each model element AGWA performs both depth and area weighting of
texture properties. To explain this process it is prudent to first convey how STATSGO stores soil texture information. STATSGO soil types are
uniquely distinguished by an MUID (map unit ID) field or identifier. When downloading STATSGO data from the web you obtain a simple shapefile
with polygons, each characterized by a single MUID. For each MUID, however, there are predefined components that describe the spatial variation
within a particular soil type. For instance, there may be 3 components associated with MUID = AZ061 (see figure below). Each component makes
up a certain percentage of the larger soil type (MUID), and the component percentages necessarily sum to 1. Component information for each MUID
is stored in a file called 'statsgoc.dbf' which is located in the project's data directory.

To account for soil variability with depth each MUID component can have multiple layers. For KINEROS, AGWA is primarily concerned with the
uppermost 9 inches of soil because of its dominant influence on event runoff. As a result, parameter values associated with soil textures within the
uppermost 9 inches of a component soil must be weighted by depth/thickness to get an average value. Layer information for each component is
stored in a file called 'statsgol.dbf', and again this is located in the project's data directory.
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Following the example pictured below, a single set of parameter values for MUID AZ061 is found by:

1. Depth weighting values for each layer to get a single set of values for each component
2. Area weighting values from each component to get the average parameter set for each MUID

Average parameter sets for each MUID are written to a table that is added to the project and named temp_kin_soil_lut.dbf. The final step in the soil
weighting process involves using the intersection (soil and watershed) theme to determine the MUID makeup of each watershed element. If more
than one MUID type intersects a watershed element (plane), then the percent presence of each MUID in the element is used to derive an area-
weighted average of the MUID average values in temp_kin_soil_lut.dbf for each model element (not shown in Figure 12.1a). These values are then
written to the attribute table for the watershed theme.
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Figure 12.1a AGWA soil weighting procedure for KINEROS.

TEXTURE KS G POR SMVAX cv SAND SILT CLAY DI ST KFF
C 0.600 407.0 0.475 0. 810 0. 500 27.00 23.00 50. 00 0. 160 0. 340
cBv 210.0 46.00 0.437 0. 950 0. 690 91. 00 1. 000 8. 000 0. 690 0. 050
CEM 0.000 0.000 0.000 0. 000 0. 000 0.000 0.000 0. 000 0. 000 0. 280
Cl ND 210.0 46.00 0.437 0. 950 0. 690 91. 00 1. 000 8. 000 0. 690 0. 020
CL 2.300 259.0 0. 464 0. 840 0. 940 32.00 34.00 34. 00 0. 240 0. 390
(003 210.0 46.00 0.437 0. 950 0. 690 91. 00 1. 000 8. 000 0. 690 0. 150
COosL 26. 00 127.0 0.453 0.910 1.900 65. 00 23.00 12. 00 0. 380 0. 240
FB 0.600 407.0 0.475 0. 810 0. 500 27.00 23.00 50. 00 0. 160 0. 050
FRAG 210.0 46.00 0.437 0. 950 0. 690 91. 00 1. 000 8. 000 0. 690 0. 050
FS 210.0 46.00 0.437 0. 950 0. 690 91. 00 1. 000 8. 000 0. 690 0. 200
FSL 26. 00 127.0 0.453 0. 910 1. 900 65. 00 23.00 12. 00 0. 380 0. 350
G 210.0 46.00 0.437 0. 950 0. 690 27.00 23.00 50. 00 0. 160 0. 150
GYP 0.000 0.000 0.000 0. 000 0. 000 0.000 0.000 0. 000 0. 000 0. 050
HM 0.600 407.0 0.475 0. 810 0. 500 27.00 23.00 50. 00 0. 160 0. 020
I CE 0.000 0.000 0.000 0. 000 0. 000 0.000 0.000 0. 000 0. 000 0. 000
I ND 0. 300 100.0 0. 200 0. 300 0. 200 0.000 0.000 0. 000 0. 000 0. 250
L 13. 00 108.0 0.463 0. 940 0. 400 42.00 39. 00 19. 00 0. 250 0. 420
LCOS 61. 00 63.00 0.437 0. 920 0. 850 83. 00 7.000 10. 00 0. 550 0. 180
LFS 61. 00 63.00 0.437 0. 920 0. 850 83. 00 7.000 10. 00 0. 550 0. 250
LS 61. 00 63.00 0.437 0. 920 0. 850 83. 00 7.000 10. 00 0. 550 0. 230
LVFS 61. 00 63.00 0.437 0. 920 0. 850 83. 00 7.000 10. 00 0. 550 0. 440
MUCK 0.600 407.0 0.475 0. 810 0. 500 27.00 23.00 50. 00 0. 160 0. 020
PC 26. 00 127.0 0.453 0.910 1.900 65. 00 23.00 12. 00 0. 380 0. 320
PEAT 0.600 407.0 0.475 0. 810 0. 500 27.00 23.00 50. 00 0. 160 0. 020
S 210.0 46.00 0.437 0. 950 0. 690 91. 00 1. 000 8. 000 0. 690 0. 180
SC 1.200 302.0 0.430 0. 750 1. 000 50.00 4.000 46.00 0. 340 0. 360
SCL 4.300 263.0 0.398 0. 830 0. 600 59. 00 11. 00 30. 00 0. 400 0. 360
S 3. 000 260.0 0.450 0. 920 0. 550 8. 000 81. 00 11. 00 0.130 0. 430
SIC 0.900 375.0 0.479 0. 880 0. 920 9.000 45.00 46.00 0. 150 0. 310
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SI CL 1.500 345.0 0.471 0. 920 0. 480 12. 00 54. 00 34. 00 0.180 0. 400
SIL 6. 800 203.0 0.501 0. 970 0. 500 23. 00 61. 00 16. 00 0. 230 0. 490
SL 26. 00 127.0 0.453 0.910 1. 900 65. 00 23.00 12. 00 0. 380 0. 320
SPM 0.600 407.0 0.475 0. 810 0. 500 27.00 23.00 50. 00 0. 160 0. 020
SR 26. 00 127.0 0.453 0. 910 1. 900 65. 00 23.00 12. 00 0. 380 0. 330
UB 0.000 0.000 0.000 0. 000 0. 000 0.000 0.000 0. 000 0. 000 0. 020
VAR 0.000 0.000 0.000 0. 000 0. 000 0.000 0.000 0. 000 0. 000 0. 550
VFS 210.0 46.00 0.437 0. 950 0. 690 91. 00 1. 000 8. 000 0. 690 0. 460
VFSL 26. 00 127.0 0.453 0.910 1. 900 65. 00 23.00 12. 00 0. 380 0. 500
VB 0.000 0.000 0.000 0. 000 0. 000 0.000 0.000 0. 000 0. 000 0. 020
MPT 0.600 407.0 0.475 0. 810 0. 500 27.00 23.00 50. 00 0. 160 0. 020
COARSE 67.10 92.71 0. 445 0. 920 1. 357 75.16 14.15 10. 69 0. 486 0. 268
MEDI UM 9. 056 205.7 0. 463 0.917 0.738 36. 57 42.98 20. 45 0.272 0. 416
FI NE 0.824 382.8 0.470 0. 818 0.610 27.02 25.41  47.57 0.181 0. 345
D/ SS 210.0 46.00 0.437 0. 950 0. 690 91. 00 1. 000 8. 000 0. 690 0. 180
SALT 0.000 0.000 0.000 0. 000 0. 000 0.000 0.000 0. 000 0. 000 0. 050
ROCK 0.000 0.000 0.000 0. 000 0. 000 0.000 0.000 0. 000 0. 000 0. 020
GLACIER 0.000 0.000 0.000 0. 000 0. 000 0.000 0.000 0. 000 0. 000 0. 000
WATER 0.000 0.000 0.000 0. 000 0. 000 0.000 0.000 0. 000 0. 000 0. 000
NO DATA 0.000 0.000 0.000 0. 000 0. 000 0.000 0.000 0. 000 0. 000 0. 000

Table 12.1a The STATSGO soil look up table that relates soil texture to model input parameter values. This table is provided with AGWA in the
‘datafiles' directory, and is called kin_lut.dbf.

Origins of and Modifications to Look-Up Parameters
The parameters in the kin_lut.dbf file are primarily derived from the KINEROS manual and Rawls et al. (1982).
Several of the soil parameters are modified through AGWA to improve estimates or avoid known problems.

Rock is one of the most complicated parameters to derive from soils data.

rocke = (1 - (((RockH + RockL) / 2) / 100))
Now need to transform percent rock into percent rock by wei ght
if ((rocke > 0) and ((rocke = 1).NOT)) then
G nger Paige's Approach: rock w= (1 - (bd/ 2.65)) / ((1 - rocke) / rocke)
Original AGM approach : rock_w = ((1 + (2.65 / bd)) * ((1 - rocke) / rocke) ~(-1))
Goodrich dissertation approach based on:
Bouwer and Rice (1984) Hydraulic properties of stony vadose zones. G oundwater 22(6):696-

705
(1 - porosity) * (1 - Volunetric Rock)
' 1 - (porosity * (1 - Volunetric Rock))
' where: porosity = (2.65 - bd) / 2.65
' Vol unetric Rock = rock estimate (rocke)
porosity = ( (2.65 - bd) / 2.65)
rock w=( ((1 - porosity) * (1 - rocke)) / (1 - (porosity * (1 - rocke))) )
el seif (rocke = 1) then
rock w=1
el se
rock_w =10
end

12.2 STATSGO Soil Weighting for SWAT

The SWAT model requires that each subwatershed be characterized according to its hydrologic soil group and saturated hydraulic conductivity (Ks).
The hydrologic soil group value (A, B, C, or D) is extracted for each component within a given soil map unit (MUID) and converted to a numeric value
(i,e.A=1,B=2,C =3, D=4). Values are then area-weighted to derive a single estimated value for each MUID as the area-weighted average of
the values from each component soil type in the map unit.

Estimated values for Ks are derived from the AGWA soils look-up table (kin_lut.dbf, Table 12.1a) based on soil texture in layer 1 of each

component soil type. This differs from the KINEROS procedure, in which soil parameters are depth weighted through the top 9 inches of each
component soil profile. The Ks and hydrologic soil group weighting happens in the ws.statsgo.weighting.swat script.

Average values of Ks and hydrologic soil group for each MUID present in the watershed are stored in a temporary database file called ‘'watershed
name + _temp_swat_soil_lut.dbf'. This table is then accessed to do the second area weighting that averages parameters from each MUID in a
subwatershed. Calculated average values are written to the attribute table of the watershed theme. Also at this time, AGWA identifies the dominant
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soil type (MUID) in each subwatershed and writes it to the attribute table. This happens in the ws.soil.process.swat script.

In addition to the soil-derived parameters added to the watershed attribute table, there are several additional parameters derived from the
STATSGO data that ultimately go directly into the SWAT input soil (.sol) file for each subwatershed. These include:

. USLE K Factor (Kff in Statsgo)

. Saturated hydraulic conductivity
Bulk density

. Available water capacity
Organic carbon content

. Percent clay
Percent silt

. Percent sand

. Percent rock (>3mm) by weight
Layer thickness

These parameters are derived entirely from the STATSGO tables (as opposed to the AGWA look-up table, kin_lut.dbf), and weighted according to a
different scheme than the other parameters because our objective with these is to describe an average soil profile for each MUID. To do this we
select the first layer for all components in an MUID, and weight the above parameters according to the component percent to get average values for
that layer. This process is repeated for up to 6 layers, if present, and the values are written into a file named ‘watershed name + _soil_lut.dbf" in the
ws.statsgo.weighting.swat script. This file name starts with the watershed name to ensure that AGWA will be able to find the file for a specific
watershed when the user selects '"Write output and run SWAT'. This file is added to the project tables, and stored in the project av_cwd directory.
When writing the SWAT input files (ws.write.swat script), AGWA queries the watershed_name_soil_lut.dbf file based on dominant MUID from the
watershed attribute table, and writes layer information to a soil (.sol) file for each subwatershed.

Modifications to Parameters
Since the STATSGO tables are sometimes missing data, three procedures are in place to ensure that appropriate values are obtained for the soil
layer parameters.

. The sand, silt, and clay fractions are manipulated and normalized to ensure that they sum to 1.
s If the record is just missing clay, then set clay to O and balance sand/silt
o If the record is just missing silt, then set silt to O and balance sand/clay
s If the record is missing both silt and clay, then set all three to O
If the silt and clay fractions sum to greater than 1, then normalize and set sand to O
. If the USLE K factor (Kff in STATSGO) is O (i.e. non-erodible soil), then we obtain the Kff value from the AGWA look-up table kin_lut.dbf for that particular
soil texture.
All Other missing values from the STATSGO tables are set to O.

12.3 SSURGO Soil Weighting for KINEROS

SSURGO soil weighting for KINEROS follows basically the same procedure as the STATSGO soil weighting, with a few minor exceptions. SSURGO
data is generally downloaded by county in zip files containing three directories: cov, shp, and tables. It does not matter where you store these
directories on you computer, and you may add either the coverage or shapefile to your view for the soils parameterization. In both the shp and cov
directories there will be multiple data layers, most of which are not needed. Generally you want the data layer with the two-character state
abbreviation, three-digit number, and '_a’, e.g. AZ671_a. This should visibly be the obvious choice if you preview all of the layers.

SSURGO data for KINEROS does not require any special steps or set up to be used by AGWA. Simply add the SSURGO data to your view just as
you would for STATSGO data. AGWA recognizes these two types of soils data by the presence of a map unit ID field: MUID for STATSGO, and MUIR
for SSURGO. All shapefiles/coverages that contain one of these fields will be added to your list of choices for soils data in the Soil and Land Cover

Info dialog. AGWA will also know exactly which type of data has been selected based on this field name.

Once a SSURGO dataset has been selected you will be prompted to locate a file called comp.txt. This file is located in the 'tables' directory that
came with your SSURGO data, so you will need to point to this directory to find it. Once you have pointed out the location of comp.txt, AGWA takes
two additional files from that directory: chtexgrp.txt, and chorizon.txt. These three files are in a special format that cannot be easily read by
standard database/spreadsheet software, so AGWA parses through each file, modifies illegal characters, and reads the text into ArcView database
files. The files are written to the av_cwd directory, and added as tables to the project with the following names:

SoilThemeName_comp.dbf
. SoilThemeName_hor.dbf
SoilThemeName_tex.dbf

The horizon and texture database files are joined to create the equivalent of the STATSGO layer database file, and weighting proceeds according to
the exact same methodology as described for STATSGO for KINEROS.

12.4 SSURGO Soil Weighting for SWAT

SSURGO soil weighting for SWAT follows similar weighting procedures to the STATSGO soil weighting for SWAT. Regarding data requirements and
importing, SSURGO for SWAT is the same as SSURGO for KINEROS. The SSURGO data is downloaded by county in zip files containing three
directories: cov, shp, and tables. Like KINEROS, the location of these data do not matter, and either the coverage or shapefile may be added to your
view for the soils parameterization. In both the shp and cov directories there will be multiple data layers, most of which are not needed. Generally
you want the data layer with the two-character state abbreviation, three-digit number, and '_a', e.g. AZ671_a. This should visibly be the obvious
choice if you preview all of the layers.
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SSURGO data for SWAT does not require any special steps or set up to be used by AGWA. Simply add the SSURGO data to your view just as you
would for STATSGO data. AGWA recognizes and differentiates between these two types of soils data by the presence of a map unit ID field: MUID
for STATSGO, and MUIR for SSURGO. All shapefiles/coverages that contain one of these fields will be added to your list of choices for soils data in
the Soil and Land Cover Info dialog. AGWA will also know exactly which type of data has been selected based on this field name.

Once a SSURGO dataset has been selected you will be prompted to locate a file called comp.txt. This file is located in the 'tables' directory that
came with your SSURGO data, so you will need to point to this directory to find it. Once you have pointed out the location of comp.txt, AGWA takes
two additional files from that directory: chtexgrp.txt, and chorizon.txt. These three files are in a special format that cannot be easily read by
standard database/spreadsheet software, so AGWA parses through each file, modifies illegal characters, and reads the text into ArcView database
files. The files are written to the av_cwd directory, and added as tables to the project with the following names:

. SoilThemeName_comp.dbf
SoilThemeName_hor.dbf
. SoilThemeName_tex.dbf

The horizon and texture database files are joined to create the equivalent of the STATSGO layer database file, and weighting proceeds according to
the same methodology as described for STATSGO for SWAT.

12.5 FAO Soil Weighting for KINEROS

The following section describes the logic used in deriving hydrologic parameters for input into KINEROS2 based on the FAO soils data. The procedures
generally follow the same steps as those used for STATSGO soils, with a few exceptions noted below.

All soils data were obtained either from the Food and Agriculture Organization of the United Nations (FAO/UNESCO, 2003) Soil Map of the World
CD-ROM, or from C.A. Reynolds research (Reynolds, et al., 1999).

You must be using a current version of AGWA that includes the capability to use FAO soils.

To run FAO soils in AGWA, you must copy the four FAO look-up tables to the c:\AGWA\datafiles directory and add them to the project. The four
FAO tables are:

. FAO_World.dbf
FAO_Africa.dbf

. FAO_Properties.dbf

. FAO_Summ.dbf

In addition, you must have the latest kin_lut.dbf table that includes the FAO soil textures.

AGWA works the same on FAO soils as it does on the other soils databases. To get an average value for each of the KINEROS input parameters on
each model element, AGWA performs an area weighting of soil properties based on soil texture. To get the soil texture, AGWA must first get the
unique FAO mapping unit number, the snum. This mapping unit number is used to reference the FAO tables to obtain the FAO soil identifier name
and the individual soil-units contained within the mapping unit. The soil-unit is then used to access the other look-up tables containing the soil
texture and other soil properties. Each soil-unit makes up a certain percentage of the mapping unit (Figure 12.5a).

Figure 12.5a. FAO Mapping Units and Soil-Units for soil weighting

The main look-up table will be either component table ‘FAO_World.dbf' or FAO_Africa.dbf’, depending on which continent you are using. The FAO
documentation breaks out African soils due to the many unique soil types that are found there. These tables contain the soil-units and percentages
associated with each soil mapping unit.

Specific soil-unit properties are found in ‘FAO_Properties.dbf’, FAO_Summ.dbf’, or in kin_lut.dbf.

The properties table, FAO_Properties.dbf, lists the soil-units and properties (% sand, % silt, % clay, texture, bulk density, etc.) for the top and sub
soils. FAO soil-units consist of a top-soil generally of 30 cm depth, and a sub-soil to 100cm depth. Texture is used to obtain hydraulic parameters,
such as Ks, from the other look-up tables described below.

The summary table, FAO_Summ.dbf, is organized by soil-unit. It contains additional soil-units and soil properties not found in FAO_Properties.dbf,
such as depth and rock fragments.
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The kin_lut.dbf table from the AGWA database is used to obtain the required soil properties not found in the soils database. It consists of soil
textures (i.e. sand, loam, clay loam) and their associated soil properties such as saturated hydraulic conductivity (Ks), mean capillary drive (G), and
porosity (por).

FAO soils are grouped into three broad soil texture categories: coarse, medium, and fine. Since the kin_lut.dbf uses textures from the soil texture
triangle, all FAO soil-units in the tables were manually assigned one of these 12 texture classes based on the texture triangle. However, the FAO
dataset contains some soil mapping units that do not have any associated soil-units or soil properties, so could not be assigned a texture. These
mapping units are: “dunes/shifting sands”, “salt”, “rock”, “glaciers”, “water” and “No Data”. Those units are treated as textures, are included in the
kin_lut.dbf, and assigned parameter values based on the most similar soil texture in the table. For example, “salt” is given the same values as
“gypsum”, while “rock” has values from “unweathered bedrock”. “Dunes/shifting sands” has values for “sand”, “glaciers” and “water” use values for
“ice” (all zeros), and “No Data” uses all zero values.

Occasionally a soil-unit on the map is not found in the tables, so texture was determined based on the soil-unit name. FAO soil textures are
“coarse”, “medium” or “fine”, and are designated with a “1” (coarse), “2” (medium), or “3” (fine) following the soil-unit symbol (i.e. AF 2). These
textures are defined in the FAO documentation based on the soil textural classes from the USDA Soil texture triangle (FAO/UNESCO, 2003). These
three soil textures (coarse, medium and fine) were added to the kin_lut.dbf, and their soil properties were created from weighted averages of values
in the kin_lut.dbf. For example, “coarse” soil, defined as “Sand, Loamy sand, and Sandy loam soils when clay is less than 18% and sand is greater

than 65%” (FAO/UNESCO, 2003), uses the weighted average of these three soil textures (see figure below).

e Rty

Figure 12.5b. USDA Soil Texture Triangle with FAO soil textures outlined.

When retrieving parameters for use as inputs to the models, parameters were obtained first from the FAO data (FAO_World.dbf, and FAO_Africa.
dbf) if available, then from the Reynolds data (FAO_Summ.dbf), and finally from the AGWA kin_Ilut.dbf table if there was no other source.

KINEROS?2 operates on the uppermost 9 inches of soil because of its dominant influence on event runoff. Since FAO soils consist of only a 30cm
(11.8”) topsoil, and a subsoil to 100cm, only the topsoil properties are used. AGWA will get all the hydraulic parameters associated with each soil-unit
in the mapping unit (SNUM), and weight them by percentage to get the average parameter set for each SNUM.

Average parameter sets for each SNUM are written to a table that is added to the project and named temp_kin_soil_lut.dbf. The final step in the
soil weighting process involves using the intersection (soil and watershed) theme to determine the makeup of each watershed element. If more than
one SNUM type intersects a watershed element (plane), then the percent presence of each SNUM in the element is used to derive an area-weighted
average of the SNUM average values in temp_kin_soil_lut.dbf for each model element. These values are then written to the attribute table for the
watershed theme.

12.6 FAO Soil Weighting for SWAT

The methodology for creating the input parameters for SWAT is very similar to KINEROS, except SWAT requires several additional parameters: awc
(available water holding capacity), cbn (organic carbon), hydrologic soil group, humber of soil layers, and soil depth. AWC is obtained directly from
the Reynolds data (Reynolds et.al., 1999), and cbn is from the FAO data (FAO/UNESCO, 2003). Number of soil layers is set to “1” (top soil only), and
soil depth is set to 100 cm (maximum soil depth).

The hydrologic soil group (HSG) is not given in the FAO documentation. It was determined using the soil texture classes, the USDA soil texture
triangle, and the FAO documentation on soil texture classes (FAO/UNESCO, 2003). General definitions for the hydrologic soils groups for use in
verifying the relationship between texture and HSG were taken from Engel (Engel et al., 2004) and Jarrell and Bundy (Jarrell and Bundy, 2002).

12.7 Land Cover Parameterization

Hydrologic parameters are derived for each land cover class using look-up tables with values derived from a combination of sources: Maidment
(1993), Woolhiser et al. (1990), USDA-SCS (1986), and Rawls et al. (1982). Look-up tables for three pre-defined vegetation classification schemes
are stored in the 'datafiles’ directory:

nalc_lut.dbf
. mrlc_lut.dbf
ny_lut.dbf
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Values stored in the look-up tables include: CN, cover percent, interception depths, and Manning's roughness. SWAT requires CN and cover,
whereas KINEROS requires cover, interception, and roughness (figure 12.5a). Versions prior to 1.32 used the same values, but they were embedded
in the AGWA scripts, and could not be easily viewed or manipulated.

Only one value for any give parameter can be assigned to a model element, regardless of model, so the weighting procedure is the same for both
KINEROS and SWAT. The land cover grid is intersected with the watershed polygons using the Spatial Analysis command TabulateAreas. This results
in the creation of a temporary database file called tarea.dbf (which you never see in AGWA unless you get an error). Within this file we can get the
percentage makeup of each land cover class in each watershed element. This percentage is used to weight values for the relevant hydrologic
parameters taken from the land cover look-up table.

i nalc_lut.dbf
e Az A & £ £ Lvar Ao i A
1: Forest 36 =] 73 73 a0 1.15 0,150 000;: =
2+ Dak Woodland 43 43 57 B3 20 1.15 0.050 0.00
3t Mesquite Woodland 71 71 | 29 20 1.15 0.050 0.00
4 Grazsland 49 32| 73 a4 25 2.00 0,150 0.00
5 Desert Scrub B3 7 i a8 25 3.00 [0.055 0.00
E : Riparian an ala] 70 i Fil] 1.15 [0.080 0.00
7+ Agriculture BE 7 i 29 ] 2.80 0.040 0.00
8 Urban I aa 30 92 15 010 a5 .40
9w ater 100 100 100 100 1] .00 0.000 0.00
10 Barren a0 92 94 96 1] .00 0.035 0.00
11 ¢ Clouds 1] 1] 1] 0 1] .00 0.000 0.00:
1 [*]

Figure 12.7a. The look-up table for the NALC land cover classification scheme.
12.8 User-Defined Land Cover Classification

Any land cover classification scheme can be used with AGWA if the user supplies a properly formatted look-up table, such as the one shown in figure
12.5a. To develop a user-defined land cover look-up table we recommend that you start with the LC_lookup.xls Excel workbook provided in the
‘datafiles' directory. There are instructions in the 'Notes' worksheet of this workbook. To use a user-defined land cover look-up table, load the table
into the project and select it in the 'Soils and Land Cover Info' below the 'Default’ and ‘Custom’ radio buttons.

Contents
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13. KINEROS

The remaining steps required to complete a KINEROS simulation through the AGWA interface include:

Writing the precipitation input file for the model run
Writing the input parameter file and running KINEROS
Viewing results, or the difference between results
Rerunning existing simulations (optional)

PwNPE

13.1 Writing precipitation files

AGWA can create uniform, single-gage precipitation input files for KINEROS, but not multiple gage input files. If data from multiple gages are
available, KINEROS does have the ability to interpolate rainfall depths/intensities across the watershed, but the coding and user preparation
necessary to synchronize gage time with event time for writing multiple-gage input files make this option impractical for implementation in AGWA.
We have, however, provided a Perl script in the 'datafiles' directory that can help with this if very specific input data format requirements are met.
The script is called convert.pl, and formatting requirements are contained within it. Methodologies for implementing radar data as an option for
building KINEROS rainfall files in AGWA are currently being investigated.

After selecting "Write KINEROS Precipitation File' from the AGWA tools menu, the 'KINEROS Precipitation' window pops up and offers three
methods that can be used to generate uniform precipitation (design storm) input files. As shown in the figure, these include: Precipitation Frequency
Maps, the AGWA design storm database, and manually-entered design storms.

’; KIMEROS Precipitation 5'

Select a method for generating KIMERQS precipitation input

" Generate a design storm from Precipitation-Frequency Maps
" ze a design storm from the &G databaze

™ Enter data for a custom design starm manually

" Enter storm data ranwally.

{" Generate design storm based an single return period depth,

i Help Cancel

All three methodologies require the specification of a relative soil saturation value for the onset of the storm. This is equivalent to the KINEROS
SA parameter and can vary between 0.14 and 0.93. See http://www.tucson.ars.ag.gov/kineros/ for more information.

13.1.a Precipitation Frequency Maps

NOAA PFDS - Precipitation-frequency maps may be downloaded via NOAA's Precipitation Frequency Data Server (PFDS) (http://hdsc.nws.noaa.gov/
hdsc/pfds/) for the Western states and Ohio River Basin. For those states not covered by the NOAA dataset, we have developed a temporary
alternative by digitizing NOAA TP 40 rainfall frequency atlas maps and interpolating to a grid. These data are available for download at http://www.
tucson.ars.ag.gov/agwa/rainfall_frequency.html until such time that the PFDS is complete. Multiple durations and frequencies are available, but
users should note that durations exceeding 48 hours are not applicable in KINEROS. Releases prior to AGWA 1.4 also supported precipitation
frequency maps, but in different units. AGWA 1.4 supports grids with units of 1000ths of inches, whereas prior releases supported grids with units of
100,000ths of inches. If grids measured in 100,000ths of inches are all that is available, a simple grid calculation will make the grids compatible with
AGWA 1.4.
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’; Design Storm Generation - Precip-Freq Maps : 5[

Storm |nformatior

™ Select a Grid from views:

Frecipitation-Frequency Grids: | |

Wiaterzhed Infarmatior

Select the waterzhed far which —
the design storm will be written I =

Set Saturation |ndex | I

Precipitation-Frequency Grid Download Instructions

. Instructions for downloading and importing grids from the NOAA Precipitation Frequency Data Server

1.

PN

oo

7.

8.

Go to http://hdsc.nws.noaa.gov/hdsc/pfds/ in your web browser.

Click on the desired state on the map.

Click on the 'GRIDS' button in the top right quadrant of the page.

On the new page scroll down until you see the first set of comboboxes. The appropriate region should already be selected for the 'Region’. Select
the desired return period and duration of the storm. Choose Arcinfo ASCII Grid for the ‘Format’, and Mean for the ‘Type'.

When the appropriate selections are made in step 4, click the 'Click here to begin GIS data download' and save the grid to your hard drive..

Once the file is downloaded, it will need to be converted from an ASCII file into an actual grid. This can be accomplished two ways, via the ‘Import
Data Source..." option in ArcView or via the Arcinfo command line.

a. In ArcView, the grid can be e 2
imported using the 'Import ! Automated Geospatial Wa #! Import Data Source ﬂ

Data Source..." feature. Edit Yiew Theme An
Access this feature via the
File menu when a view is Cloze Select impart file tpe: ok,
active. This will open the Cloze &l
dialog that allows you to
choose the type of file to Set Warking Directony... Lenzel
import. Select ASCII Raster
and browse to the location of Sawve Project Chrl+5
the ascii grid.
b. In ArcInfo, to convert the Eutenzions...
ASCII grid to an ArcView
grid, the ASCIIGRID Erint....
command is used. Refer to Print Setup
the Arc documentation for
more information on this Export...
command. Change your
workspace to the desired Manage Data Sources...

output location, type asciigrid
followed by the full pathname

J0UCE...
of the file and press 'Enter’. Export Data Source, .

The grid is downloaded in geographic
coordinates Decimal Degrees. It Exit

must be projected to match the rest
of your project data. Arcinfo,
ArcToolbox, or the 'Reproject Grids' grids extension, available at http://arcscripts.esri.com/details.asp?dbid=11368, are all suitable grid projecting
solutions.

Add the grid to the project via the 'Add Grid' radio button and select the grid from the 'Precipitation-Frequency Grids' combobox.

Instructions for downloading and importing grids from the USDA-ARS server

1.

arwN

Go to http://www.tucson.ars.ag.gov/agwa/rainfall_frequency.html in your web browser.

Select the desired state from the ‘Location’ combobox, followed by the desired return period and duration of the storm.

Click the download button and save the grid to your hard drive.

The grid is downloaded as an ArcView grid and does not need to be converted from an ASCII grid like the PFDS grids.

The grid is downloaded in geographic coordinates Decimal Degrees. It must be projected to match the rest of your project data. Arclnfo,
ArcToolbox, or the 'Reproject Grids' grids extension, available at http://arcscripts.esri.com/details.asp?dbid=11368, are all suitable grid projecting
solutions.

Add the grid to the project via the ‘Add Grid' radio button and select the grid from the 'Precipitation-Frequency Grids' combobox.

Once the desired grid has been downloaded, added, and selected from the 'Precipitation-Frequency Grids' combobox, the watershed to which the
precipitation will be applied must be selected. Before proceeding, the Saturation Index should be set. The Saturation Index is the relative soil
saturation value for the onset of the storm. It is equivalent to the KINEROS SA parameter.

AGWA takes the watershed centroid and punches it through the NOAA grid to get the storm total depth value. The depth value is converted to a
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hyetograph using the SCS methodology (SCS, 1973) and a type Il distribution. The type Il distribution and several others are shown in the figure
below. The type Il distribution is appropriate for deriving the time distribution of rainfall for most of the country, as shown in the map below (SCS,
1986).
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13.1.b AGWA Design Storm Database
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A growing database of return period storms called dsgnstrm.dbf (shown below) is
available in the 'datafiles’ directory provided with AGWA. Return period depths are
available only for select locations for which we have been able to find data, and the
range of available return periods and durations varies as a result. The location and
frequency/duration are selected in the window shown to the right. Again, as with
the precipitation frequency maps, the SCS methodology and a type Il distribution

are used to convert the return period depths to hyetographs.

The AGWA Database can be edited by the user to add data for additional
locations, return periods, and/or durations. Simply open the table and select ‘'Start
Editing' from the 'Table' menu. To add a new record (row), select '‘Add Record’
from the 'Edit' menu. To modify an existing value, click on the 'Edit’' button on the
lower half of the toolbar and then click on the cell that you want to change. If you
have return period depths for your area and think that other AGWA users might
benefit from them, please e-mail them to us at agwa@tucson.ars.ag.gov.

i Design Storm Generation - AGWA Dat x|
Select the Location | =]
Select Frequency and Muration | ]

& waterzhed must be selected to compute the reduction factar

Select the watershed | ]
Set Saturation |ndex | I
............. Generatexl Eance| |

i dsgnstrm.dbf
Lo Fragacne S Hanth

ClarkCountyly 100 1.00 2.06 ﬂ
ClarkCountyl 100 2.00 230
ClarkCountyLy 100 3.00 2.48
ClarkCountyl 100 .00 277
Clark Countyly 100 24.00 296

San Pedro ] Q.50 063
San Pedro ] 1.00 1.07
San Pedro 10 Q.50 1.16
San Pedro 10 1.00 1.35
San Pedro 100 Q.50 1.71 J
San Pedro 100 1.00 204

1 ITJ

**At this writing only the San Pedro data can be reduced as a function of watershed size. For these data the reduction factor is computed using the
Osborn et al. (1980) method for thunderstorms in the southwestern United States. This functionality is presently embedded directly in the script ws.
dsgnstrm2.generate, and can be easily modified to allow for other methods if we are made aware of them (write to agwa@tucson.ars.ag.gov).

file://IC)AGWA _devel opment/AGWA/documentati on/current/AGWA %20User%20Manual .html (36 of 66)11/5/2004 1:16:35 PM



mailto:agwa@tucson.ars.ag.gov
mailto:agwa@tucson.ars.ag.gov

Automated Geospatial Watershed Assessment

13.1.c User-Defined Storms 2 User-Defined (Design) Storm x|

If a design storm database file does not exist but there are only one
or two design storm data sets that must be run, then that data can be Storm Dezcription - comments to be included in = pre file header [optional);
entered manually through the 'User-Defined (Design) Storm' dialog
(shown on the right). This dialog is generally divided into two parts:
file information, and data. File information includes an (optional) text
header with information about the precipitation event you are writing ;l
to the file, the watershed (soil) saturation index (see KINEROS2

= AEwh does not apply an area reduction factor to these data. ;I

documentation for more information), the units for your data, and the . 0z

number of time-depth/intensity pairs that you would like to enter. Set 5 aturation Inde:-:l I :

Don't forget that the first "Time" must be 0, and the last "Time" must

be equal to the duration of the design storm. Select whether you have rainfall intengity or depth data:
= Intenzity [mmhi] &+ Depth [mm]

Once the file information is complete and the ‘Proceed' button is
clicked the list box for data entry in the lower portion of the dialog _ _ ; o -
becomes active with the appropriate number of rows. There will only Ertter the number of time - depthfintensity pairs, including time 0: I
be three columns, the first is the record number (do not change these
values), the second is the time (minutes), and the third is the depth/ Quit like & bab |
intensity (mm or mm/hr). To enter values either double click the Uit ke & haby
appropriate cell or highlight it and then hit 'Enter’ on the keyboard.
This will pop up a window into which the value may be typed. Hit Double click on cells to edit..
'Enter’ or click okay when the value is entered. When the data entry
is complete click the 'Write to .pre file' button at the bottom to
generate the input precipitation file for KINEROS. -

Single Return Period Depth - Similar to the User-Defined Storms
above, the single return period depth dialog can be used to create
your own storms. As with the Design Storm above, there is an
(optional) text header with information about the precipitation event
you are writing to the file, along with a storm depth, duration, and
watershed (soil) saturation index. The storm depth is converted to a
hyetograph using the SCS methodology with a type Il distribution, as
with the precipitation frequency maps.

2 single return Xl

Starm Description - cormments to be included in *.pre file header [optional):

= AEWeE does not apply an area reduction factor to these data. d
=

Enter the number of time - depth pairs, including time O; I

Help [y

Enter the return period depthlmm]; I

Enter the storm duration(hrz); I

Set Saturation [ndex | I 0.2

Wirite ko . pre filel Help | Cancel |

13.2 Writing the output file and running KINEROS

Once the watershed has been delineated, intersected with soil and land cover data, and a precipitation file has been prepared, you are ready to run
KINEROS. Select 'Write Output File and Run KINEROS' from the AGWA Tools menu. This opens the 'KINEROS Run Information* window shown to the
right. Begin by selecting the watershed you would like to work with. Then select the precipitation (*.pre) file from those within the project 'rainfall’
directory (automatic) or browse to a file in another location.

KINEROS multipliers are an optional means of adjusting parameter values prior to running the model. Parameter values for each of the listed
parameters are multiplied by the value in the corresponding text box when writing the KINEROS input file. This does NOT modify the original values
that are listed in the watershed and stream channel shapefiles (themes).
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If you have designated the system environmental variable 'AGWA',
then you will not be prompted to locate the KINEROS executable.
Otherwise, if KINEROS has not been run since ArcView was opened you
will be prompted to point out its location to AGWA - this step will not be
required again until the next time you exit and restart ArcView. You will
then be prompted to select the watershed theme and select name and
location for the KINEROS input parameter (*.par) file. The KINEROS
output (*.out) file will automatically be given the same name and written
to the same location as the parameter file. AGWA will then ask for a
specific precipitation (*.pre) file to be used in the model run. Once this is
selected AGWA will open an MS-DOS window and run KINEROS. When
the run is complete AGWA will retrieve the results from the KINEROS
output file and import them into ArcView in the form of 2 database files:
pxxxx.out and cxxxx.out. The 'xxxx' in these file names represents the 4-
character basin identifier entered previously. The 'p' indicates to AGWA
that the results are for planar watershed elements, and the ‘c' indicates
that the results are for stream channels. Both of these files will be visible
in the 'Tables’ module of ArcView.

WINNT  system3 2 cmd.exe

KINEROS2

Kinematic Runoff and Eroszion Model
Uerzion 3.2 (Dec 20883>

U. 5. Department of Agriculture
Agricultural Research Service

Repeat previous run?
Parameter file:
Rainfall file:
OQutput file:
Description:
Duration (min):
Time step <min’:
Courant Adjustment? Cusni:
Sediment? <ysn>:
Multipliers? C(uysnsfilel:
Tabular Summary? (ysnd:

Processzing Plane Element 42

#2 KINEROS Run Information

Select the watershed to be run |

Select the precip. file |

FINERDS kultipliers [optional}

Channel Multipliers

Wwidth
[epth
Roughneszs

K.zat |

5

Run KINEROS

=] Browse

IJpland kMultipliers

Interception Ii
% Cover Ii
Roughress Ii
Pave I—
Splash I—

K.zat |

G

ol

| Cancel

13.3 Viewing Results
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To view the KINEROS results, select 'View KINEROS Results' from the
AGWA Tools menu. This brings up the 'Select Results' window, which i Select Results X
provides the functionality to view results in two different ways:
individually, or as the difference between two simulations.

Wi atershed | |
To view results from a single model run select the watershed in the
'‘Select Results' window. Once a watershed is selected the simulation Sl _|
combobox will become active and you can select from the simulation(s) I s

that have been run for that watershed. When a simulation has been
selected the 'Description’ button becomes active and can provide a e
reminder of the specific data used in that simulation - this can be v I ™
particularly valuable if multiple simulations have been run.

Help |
i Dutput Description || The
- final
W’atershed: k] = step in viewing the results of a simulation involves selecting the output parameter
Iéar_;dESm-f;ar. Nlcdalbers0 that you wish to be displayed in the View. There are nine choices representing
ailz: 5ol

averages over the simulation: infiltration (mm), infiltration (in), runoff (mm),

Murnber of Chainels: 27 runoff (m3), sediment yield (kg/ha), peakflow (m3/s), peakflow (mm/hr), peak

Murmber of Planes: 68

Cantib Source A 1E57 Acres sediment discharge (kg/s), and channel scour/deposition (mm/m2). When one of
DEM Grid Size: 55 E.BEI# i the output parameters is selected click the 'Update’ button; the watershed and
Tatal Drainage..-’-'-.réa' BEAE Acres stream coverages will be updated in the View and Legend with the new

parameter and a pre-defined color scheme. Viewing results from an individual
plane or channel can be accomplished by selecting the appropriate theme in the
1 Legend, selecting the 'lIdentify’ button on the toolbar, and then clicking on the
bl desired feature.

Precip: Syrlhr. pre

To
VS ! Calculate Difference X

results as a difference between two simulations on the same watershed,
for instance when two different land cover or precipitation files have What will the output be called: I'm—
been used, click the 'Difference’ button once the watershed has been

selected. This brings up the ‘Calculate Difference' window, which
enables the user to select the two simulations, compute the difference

between them, and save this output as a new simulation result that can Simulation 1 D r

be viewed in the same manner described previously. The user is given imulation 1 | = escription |
the opportunity to report the difference between the two simulations in

terms of the percent change or the absolute change, and the formula FAIMLIE

used in the calculation is shown at the bottom of the window. The
calculated difference is written to two new database files (one for the
planes and one for the channels, as described above) with the name Sirnulation 2| | Drescription
entered at the top of the 'Calculate Difference' window. For example, if
the calculated difference is to be called '‘Output’, then pOutput.res and
cOutput.res will be created and added to the project tables.

& Percent Change " Abzolute Change
After clicking OK at the bottom of the Calculate Difference window,

the name you selected for your output will show up as a simulation E quatior
result in the Select Results window that can be selected and viewed just Output = [Inputl - Input? | ¢ Inputl = 100
as any other.

13.4 Rerunning existing simulations 0K, Cancel

To rerun an existing KINEROS simulation, select ‘Rerun Existing
Simulation’ from the KINEROS section of the AGWA Tools menu. This
brings up the 'Rerun Simulations' window where you select the watershed that contains the simulation to rerun. With the watershed selected, the
watershed 'Description’ button and 'Simulations' combobox are enabled, allowing you to view a description of the selected watershed and to select a
simulation to rerun. Once a simulation to rerun is selected, the simulation 'Description’ button and ‘Rerun’ button are enabled, allowing you to view
the simulation description and initiate the rerun. After clicking 'Rerun’ you are presented with message box informing you what the original
precipitation file was. At this point, you may choose to use the original precipitation file or select another through the 'Select Precipitation Input File:*
dialog. Once a file is selected and 'OK' is clicked, the KINEROS simulation is rerun.
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#! Rerun Simulations 5'

Waterzhed | |

Simulations | ]

i Precip Info x|

C:hagwattestextl 4hrainfallhztrml . pre, but wou may select

The precipitation file for the current zimulation is
O another file provided it has valid input,

i} Select Precipitation Input File:

x|
File M arme: Directones: K. |
Il c:hagwaktestext] _dhrainfall

B 2yEhrpre - = ) Cancel
B stml.pre = agwa
[= testextl_4

&= rainfall

Lizt Files of Type: Dirives:

| Precipitation ]| | o |

The rerunning of simulations is provided to enhance the functionality of KINEROS in AGWA. It gives users the ability to modify the parameter file
for KINEROS outside of AGWA while maintaining the ability to import the results back into AGWA for visual analysis and comparison. The original
simulation results are maintained so that results between the original and rerun can be compared. AGWA relies on the user's ability to edit the input
files correctly and assumes that if the files necessary to run the simulation are in place, then they have the correct formatting required by KINEROS.

Contents
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14. SWAT

The remaining steps required to complete a SWAT simulation through the AGWA interface include:

PwNPE

Writing the precipitation input file for the model run
Writing the input parameter file and running SWAT
Viewing results, or the difference between results
Rerunning existing simulations (optional)

14.1 Writing precipitation files

To write the SWAT precipitation file for a watershed, select the ‘Write SWAT Precipitation File' item from the '"AGWA Tools' menu. Before the file can
be created, a rain gage point theme must be selected from the first dialog below.
asked if a Thiessen Polygon or Thiessen-watershed intersection theme already exists. If yes, the 'SWAT Distributed Precipitation' dialog is opened. If
not, the 'Rain Gage Stations’ dialog, shown below, will open. This dialog allows the user to select the field containing the gage ID and the actual
points to be used. If only two points are selected when the ‘Accept’ button is clicked, or there were two points or less in the theme, then the user is
automatically routed to the 'SWAT Uniform Precipitation® dialog. Both the distributed and uniform rainfall options require an unweighted precipitation
file that follows a specific format, described in the Unweighted Precipitation File chapter. Uniform rainfall is taken from one gage (closest to the

If a point theme with more than two points is used, the user will be

center of the watershed), whereas distributed rainfall is derived from multiple gages and relies on a Thiessen weighting technique to assign
appropriate rainfall depths to the various subwatersheds.

SWAT Precipitation

Use existing theme?

Select a method for generating S'WAT precipitation input

Select the rain gage point theme §

Continue

[Does a Thiezzen polpgon theme or Thieszenswatershed
interzection theme exist you wish to uze’?

#! Rain Gage Stations

Select Rain Gage

The rain gage point theme is [ Mws_gages.shp

Drefing the rain gage 1D field

0

Select the B ain Gage Pointz

Selected Gages

’| Hesetl Help | Eancell

14.1.a Unweighted Precipitation File
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AGWA requires an unweighted precipitation file for both uniform and distributed

rainfall. At this writing, both methods require that the user create an #2 sp60_73.dbf
unweighted precipitation database file (example shown on the right) consisting [ e Gamony | marane | momees | momges
of a minimum of three fields: year, day, and gage precipitation. The year field
must contain a 4-digit year in every record. The day field represents day of 1960 1 74 6.4 190.5 D;I
year (1-366), and should repeat for each year in the file (no missing days). The 1360 2 03 0.5 1.3 El_l
gage field(s) contain average daily precipitation in millimeters for the gage listed 1960 3 0o 0o [l] i
in the field header row. Missing data can be accommodated through a weighting 1560 4 o 0 0e i
scheme described in the distributed rainfall section. Any negative precipitation : - :
depths are interpreted to represent missing data (no data). 1360 2 0.0 0.0 0.0 0
1960 3 na 0.0 0.0 1]
** Note that the gage field names MUST have two important attributes: 1360 i 0.0 0.0 0.0 0
1960 ] na 0.0 0.0 1]
Gage field names must always begin with 'G' so that AGWA can recognize them 1360 ] 0. 0.0 0.0 0
as gages. 1960 10 na 25 7.4 24
. The gage ID must follow the letter 'G’, and this ID must correspond with the 1960 11 158.8 15.8 19.8 0
gage ID _in the rain gage _point theme in your project. If this is not the case M I I j
AGWA will be unable to find the appropriate gage.

No limit has been placed on the number of gages that may be included in the unweighted precipitation file, but beware that the more gages it
contains the longer it will take to generate the distributed precipitation input files for SWAT. Additionally, the time it takes to generate the
precipitation input file is also linked to the length of the time record, so it is advised that unnecessary data is removed.

Regardless of whether a uniform or distributed rainfall file is generated, AGWA creates and maintains a record of each unique combination of
watershed configuration and precipitation file. These are stored in a secondary table called swatpptfiles.dbf, which is added to the list of tables in the
project and stored in the rainfall directory. For each unique combination, the location of the precipitation file and its start and end dates are written
to the swatpptfiles.dbf file. This enables AGWA to ensure that the user does not accidentally use the wrong precipitation file for a given watershed
configuration, or enter incorrect dates for a simulation. It also, however, requires that the locations where precipitation files are stored do not
change once they have been created, so take care to ensure they are written to the correct directory.

14.1.b Uniform Rainfall

If the rain gage point theme has less than : - —
three gages (points, or records) or if less 2 SWAT Uniform Precipitation X
than three gages were selected in the 'Rain ; i
Gage Stations' dialog, then you will Wiite the *.pep file
automatically be routed to the 'SWAT
Uniform Precipitation' dialog below. The
first information required in this window is
the rain gage ID field from the point theme, Select the rain gage 1D field | | Accept
unless it was previously selected in the
'Rain Gage Stations' dialog. Next, the
unweighted precipitation file must be
entered. When 'Accept’ is clicked after
these first two tasks AGWA checks to make Select the SWAT watershed element theme | =] Accept
sure that at least one gage from the point
theme corresponds to a gage in the o
unweighted precipitation file. If no gages Erter a name for the SWwiaT precip. file: | afrite
are found in common, the user is informed
of such and progress is stopped. Next, the

SWAT watershed element theme must be Help | Cancel
selected so that AGWA can compute which
gage is closest to the centroid of the
watershed, in case two gages are available.
Finally, the user must enter a name for the SWAT precipitation file that will be generated. When the "Write' button is clicked the *.pcp file will be
written to the ‘'rainfall’ subdirectory of the project directory. At the completion of the precipitation file creation, the option to use elevation bands is
presented (see below).

The rain gage point theme iz L

d

Select the unweighted precipitation file | | Browse | Accept |

i

SWAT Elevation Bands

O |Jze elevation bands?

ez

**Missing data values in the unweighted precipitation file provided by the user (again interpreted to be any negative precipitation depths) are
automatically converted to zero depth when the SWAT *.pcp file is written.
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14.1.c Distributed Rainfall

If three or more gages exist in the rain gage point
theme and are selected in the 'Rain Gage Stations’
dialog, then you are automatically routed to the
distributed rainfall dialog, 'SWAT Distributed
Precipitation'. Three tasks are required to generate a
distributed rainfall file:

1. Creating a Thiessen polygon theme from the rain
gage point theme (completed in the bottom section),

2. Intersecting the Thiessen polygon theme with the
watershed configuration (completed in the middle
section),

3. Computing the weighted precipitation depth for each
subwatershed and writing it to the SWAT precipitation
file (completed in the top section).

The 'SWAT Distributed Precipitation’ dialog is
organized according to these same three tasks and only
as much of the dialog as necessary will be visible to the
user. In the event that one of the first two tasks has
already been completed during an earlier model run,
one or both of the first two may be skipped by selecting
the completed intersection theme or Thiessen Polygon
theme from the upper and middle sections of the dialog,
respectively.

During the creation of the Thiessen polygon theme,
AGWA checks to make sure that polygons are not
created for gages in the rain gage point theme for which
no data exist in the unweighted precipitation file
supplied by the user. If a discrepancy is found and
there are more gages in the point theme than the
database file, then AGWA will pop up a '‘Gage Name
Error' window (below) to inform the user which gages
will and will not be used.

i Gage Name Error

! SWAT Distributed Precipitation

Generate WWeighted Precipitation File for SWAT

The rain gage point theme iz I

Select the unweighted precipitation file |

=l
=l

Select the waterzhed/thiezzen |
interzection theme

Enter a name far the ST precip. file I

Fenerate | Cancel |

Yiew Gagesl
Add | .ﬁ.cceptl

Add | Create | .ﬁ.cceptl

Help |
Reset |

Create Mew Intersection Theme

Select the waterzhed element theme |

=l
=l

Select the Thiezzen polygon theme |

Enter a name for the interzection theme I

Fenerate | Cancel |

Add | .ﬁ.cceptl

Add | Create | .ﬁ.cceptl

’ Reset |

Create Mew Thieszen Theme

Enter a name for the Thieszen polygon theme: I
GFenerate | Cancel |

The gages in the 'Station_id' field are not exactly the same az
thioge in the urweighted precipitation file. Thieszen polygons will
be built with only those gages common to bath.

The following gages will not be used:

20300, 20583, 20630, 20768, 20773, 20775, 20958, 21330,
21664, 21870, 22648, 22655, 22659, 22664, 24364, 25418,
26186, 26353, 26716, 27334, 27342, 27567, 27380, 25208,
29334,

The following gages ‘WILL be used:
20309, 20580, 22140, 22902, 23120, 27445, 286119, 29562,

Additionally, if a previous Thiessen Polygon theme or Thiessen/watershed

a

intersection theme is used, the user must choose the field name containing the
gage IDs from the theme attribute table before proceeding. If the wrong field is
inadvertently selected, a message is displayed informing the user no gages
common to the Thiessen/intersection theme and the unweighted precipitation file
were found. Once the user hits the first ‘Generate' button and commits to the time
consuming process, a dialog informing the user of the status of the weighting is
displayed(see right). At the completion of the precipitation file creation, the option
to use elevation bands is presented (see below).

i Status

Processing day 575 of 755

United States Ervironmental
EPA Protection Agency
, LAMOSCAPE ECOLOGY
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SWAT Elevation Bands

O |Jze elevation bands?

ez

Generating distributed input precipitation files for SWAT is the most time consuming process in the course of using AGWA to conduct a watershed
assessment. The length of time this will take increases with the number of gages, the length of the precipitation record, and the complexity of the
watershed configuration. Be patient and avoid killing a run because you think it is taking too long. For comparison, with eight gages, 14 years of
record, and 30-40 subwatersheds it took us 1-2 hours to generate the weighted precipitation file. We found that a defragmented hard drive
significantly reduces the time required to complete this process.

Weighting Scheme:

The weighting scheme used to assign weighted precipitation depths to each subwatershed in a SWAT input file is rather elaborate to account for
the frequent occurrence of missing (no data) data values. The weighting scheme outline below is applied on a daily basis and relies on the following
notation: WD = weighted depth for a subwatershed; GD = gage depth; GW = gage weight, or weighted influence of a gage on the computed WD for
a subwatershed; BW = bad weight, the sum of all the GWs for a subwatershed where GD < 0 (missing data).

. If all the gages have data then WD = WD + (GD*GW)
If all the gages for a day have either zero values or no data then WD = O for all watershed elements. In the situation where all the gages are missing data
for a day an error log file entitled 'ppt_error.txt' is written to the same directory as the *.pcp file, and updated for each day that this occurs.
. If one or more gages in the watershed have no data (and at least one non-zero value) then:
o If all gages for a subwatershed have no data then find the closest gage with data:
« If only one gage in the watershed with data that day, then WD = depth from the gage with data for all subwatersheds
= If the number of gages with data is = 1 and < the number of gages in the watershed, then WD = depth fromthe gage with data that is
closest to the centroid of the subwatershed
s If some but not all of the gages intersecting a subwatershed have data:
« If GD < 0 then WD = WD (i.e. the weighted depth for a subwatershed is not affected by no data values)
« If GD > 0 then WD = WD + (GD*GW/(1-BW)) (i.e. missing data is excluded from the weighing scheme)

14.1.d AGWA Elevation Bands

The elevation bands feature appears after writing of the precipitation file
is complete, for both uniform and distributed weighting. SWAT elevation
bands adjust precipitation and/or temperature to account for orographic

x|

effects. Elevation and location data from the rain gage theme is written Watershed = wsd  DEM =Fll_150502020  Band Interval: I
to the precipitation file and is used along with the mean elevation of the
bands for a subwatershed to adjust the precipitation and temperature adjustment interval (if exceeds 10 bands in any sub-baszin] I
for that subwatershed. If the elevation of a rain gage is not included in o )
the point theme attribute table, the DEM used to delineate the precipitation lapse rate [mm £ km}
watershed is used to determine the elevation of that particular gage. A0 EI 10
.J 4/ » 00

SWAT limits the number of elevation bands that can be defined for 0000 0 0 0 0 0 0 0
each basin to 10. To work with this limitation, the AGWA process adjusts
the elevation interval for the entire watershed so that no one

subwatershed exceeds 10 bands. The user may input any value for temperature lapse rate [T/ km

interval , but that interval will not be used for the final band outputs if it A0 i 10

results in more than 10 bands in any subwatershed. When the number -

of bands for any subwatershed exceeds 10, the interval value is J 4 F 00
I

increased by the adjustment interval and the new bands are generated. o000 o000
This process is repeated until AGWA reaches an interval that satisfies
the 10 band limit.

Cancel Help Frocess

Once the final interval is set, AGWA generates the .ele data files.
These are placed in the 'elev’ directory in the user's AGWA rainfall
folder; if the directory does not exist, it is created. A file is created for each subwatershed (watershed name + subwatershed id + .ele) and includes
the following:

. a comment noting the subwatershed
the precipitation lapse rate (if 0, SWAT will not adjust precipitation data)

. the temperature lapse rate (if 0, SWAT will not adjust temperature data)

. the mean subwatershed elevation
the number of the elevation band, the midpoint elevation of the band, the fraction of the subwatershed within the band (the file contains a line for each
elevation band defined)

These files are used to write the subbasin general input files (.sub) when the user opts to run SWAT. When the elevation band checkbox is
selected, AGWA searches the 'elev' directory for .ele files with the watershed name; if no files exist, the user can choose to continue the simulation
without. The .ele file is read and the data is added to the .sub files where necessary.
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14.2 Writing the input file and running SWAT

Once the input precipitation file has been generated, select "Write Output
and Run SWAT' from the AGWA Tools menu. This brings up the 'SWAT
Dialog' window shown to the right.

1. To begin, select the watershed you wish to run the simulation on. This
will bring up a list of precipitation files for that watershed in the next
combobox.

2. Select a precipitation file. When a precipitation file is selected the date
(MMDDYYYY) for the first day in the precipitation file is automatically
entered as the beginning date for the simulation. This can be changed if
it is not the desired start date for the simulation. The elevation bands
checkbox enables users to turn off elevation bands even if elevation
bands were created when writing the precipitation file. If checked and
elevation bands were not created for the watershed, SWAT will proceed
anyway.

3. Enter the duration of the simulation in years. If the duration entered is
longer than the period of record in the precipitation file then you will be
scolded and allowed to try again.

4. Choose either to use observed or simulated temperature data for the
simulation. Observed temperature data is the best option, but may not
be available.

5. Enter a directory name or simulation title for the SWAT input files that
will be written (remember that SWAT will most likely generate upwards
of 100 input files in this directory). This name is limited to five
characters, and is used as the both the simulation directory name and
the simulation name for the SWAT input files. The five character limit is
designed to prevent SWAT input file names from exceeding a maximum
of eight characters after a subwatershed number is attached. A new
directory will be created with this name under the 'simulations’
subdirectory in the project directory, and all input/output files for this
model run will be written to it. If a simulation directory with the name
you entered already exists you will be asked to select a new name. The
only way to overwrite an existing simulation is to delete it manually
using Windows Explorer beforehand.

6. Click the 'Open WGN Database' button to select the closest weather
generator station to the watershed in question. When this button is
clicked the table ‘wgnfiles.dbf' is opened behind the SWAT Dialog. Select
the appropriate weather generator station (determined by the user), and
then click 'Process Selection’.

7. Click 'Continue’ to open the 'SWAT Input Parameters' dialog, which
allows extra parameters to be configured for SWAT. These parameters
will not be visible unless the 'Advanced Parameters' checkbox is
checked. They do not need to be changed and will run with the default
values. If you are not familiar with SWAT and the advanced parameters,

i} SWAT Dialog

Wi atershed Output
Select Watershed | |
Precipitatiorn
Select Precipitation | =]

[T Usze elevation bands?

Simulation Time Period

Beainning D ate af Simulation [rmddyy): I
Mumber of vears to zimulate; I

Temperature
" Uze Observed Temperature D ata

£ Use Simulated Temperature Data

Drirectary Mame

Simulation Title: ||

Select ‘Weather Generator Station

1. Click here to start - Open 'WGMN D atabasze |

2. Highlight the SINGLE clozest gauge to your ztudy area from the table

3. Click here when zelection iz made --» - |

Continue Help Cancel |

it is recommended these values be left alone. Click ‘Continue’ to initiate the model run.
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41 SWAT Input Parameters 5'

Output Frequency v tdvanced Parameters
Hel
= Daily = Maonthly i+ Yealy ? |
Continue |

Subbazin General Input File [ zubl

tonthly Bainfall adjustment factors (% change, integer values)

Jan: I Feb.: I b ar.; I Apr.: I_ b ay: I_ Jun: I_
Jul: I Aun.: I Sep.: I_ Oct.: I_ I_ I_

Groundwater [nput File [.gw]

SHALLST:

I— DEEFST: I— Gi_DELAY: I—
&LPHA_BF: I— GRa/UMM: I— Gi_REVAP: I—
REVAPMM: I— RCHRG_DF: I— Giw_SPLD: I—

When the 'Continue’ button is clicked at the end of the 'SWAT Input Parameters' dialog, a status window will open that informs the user which
tasks are being performed. The status window will remain open in the background while all of the various tasks are being performed, and until the
model run is complete. While SWAT is actually running, an MS-DOS window will open and display the year of the simulation as it is computed. When
SWAT is finished, this window will close and AGWA will automatically intitiate the transfer of model results into ArcView in the form of 2 database
files: pxxxxx.res and cxxxxx.res. The 'xxxxx' in these file names represents the 5-character simulation name entered previously. The 'p' indicates to
AGWA that the results are for planar watershed elements, and the 'c' indicates that the results are for stream channels.

! Status

x| ! Status x|

Wiiting the S'witT datafiles. Running Swat

a1 United Sfates Ervironmenal Urited Staftes Ervironmental
e EPA Profeciion Agency EPA Profwection Agency

‘, LAMDSCAPE ECOLOGY ' LAMDSCAPE ECOLDGY
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Ssystem32cnd.exe

c:waguasdatafiles >C:

ctsagwasdatafiles »cd “agwastestextl_4ssimulationsssimb

C:vaguastestextl_dhnsimulationsssimSrend Ac swat2008
SUAT2B0A
Zo0il & UWater Assessment Tool
PC Uerzion
Program reading from file.cio . . . executing

Executing year
Executing year
Executing year
Executing year
Executing year
Executing year
Executing year

Importing SYWwAT resultz

o] United States Erwvironmental
. PA Protection Ag ¢
\IE LANDSCARE ECOLOG

14.3 Viewing Results

To view the SWAT results, select 'View SWAT Results' from the AGWA e
Tools menu. This brings up the 'Select Results' window, which provides #d Select Results Xl
the functionality to view results in two different ways: individually, or as

the difference between two simulations.

wiatershed | ]|

To view results from a single model run select the watershed in the
'Select Results' window. Once a watershed is selected the simulation
combobox will become active and you can select from the simulation(s) | ﬂ
that have been run for that watershed. When a simulation has been
selected the 'Description’ button becomes active and can provide a
reminder of the specific data used in that simulation - this can be | ﬂ
particularly valuable if multiple simulations have been run.

Help |
#! Dutput Description 3 X|| The
: final
=1 step in viewing the results of a simulation involves selecting the output parameter
M':'detl= SWﬁT " that you wish to be displayed in the View. There are eight choices representing
Contributing Source Area = 71075 Acres [10% of areal yearly averages unless otherwise noted: Precipitation (mm), ET (mm), Percolation
DEM= S_p_dem HESD'”“':".": ED. m. (mm), Surface Runoff (mm), Transmission Loss (mm), Water Yield (mm),
H%dp::alr%?;?drtnﬁtiyane?lngEEgE]I"[Evg?ér}l'#]GUICh Watershed, AZ Sediment Yield (t/ha), and Channel Discharge (m3/day). Some of these choices
Channel Depth = EI. DEDE*[.-‘E-.rea]A[D.'IEES] are not available for both subwatersheds and stream channels. When one of the
Area= 710776 .-’-'-.u:res. ’ output parameters is selected click the 'Update' button; the watershed and stream
Soils=Sp_soilshp coverages will be updated in the View and Legend with the new parameter and a
L andCoter= Halc 1997 pre-defined color scheme. Viewing results from an individual plane or channel can
Beginning Year of Gim= 1960 be accomplished by selecting the appropriate theme in the Legend, selecting the
Wumber Simulated= 12 'Identity’ button on the toolbar, and then clicking on the desired feature.
umber v earsaimulate
Output Frequency= "vearly
Output Director= C:\agwastestest]_$heimulationshaimb b
PPT File= precip2.pcp -
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To view results as a difference between two simulations, for instance - -
when two different land cover or precipitation files have been used, click #! Calculate Difference ] EI
the 'Difference’ button once the watershed has been selected.

What will the output be called: IM
This brings up the 'Calculate Difference' window, which enables the

user to select the two simulations, compute the difference between
them, and save this output as a new simulation result that can be
viewed in the same manner described previously. The user is given the . . r
opportunity to report the difference between the two simulations in Sirnulation 1 f =l Description
terms of the percent change or the absolute change, and the formula
used in the calculation is shown at the bottom of the window. The
calculated difference is written to two new database files (one for the
planes and one for the channels, as described above) with the name
entered at the top of the 'Calculate Difference' window. For example, if Sirmulation 2 | ;|
the calculated difference is to be called 'Output’, then pOutput.res and
cOutput.res will be created and added to the project tables.

MIMLIS

Dezcription

After clicking OK at the bottom of the Calculate Difference window, %' Percent Change " Absolute Change
the name you selected for your output will show up as a simulation
result in the Select Results window that can be selected and viewed just E quatior

as any other. kot = [Inputl - lnput2 ] { lnput? = 100

14.4 Rerunning existing simulations
] Caticel

To

#! Rerun Simulations i x|

Wiaterzhed | |

Simulations | ]

rerun an existing SWAT simulation, select 'Rerun Existing Simulation' from the SWAT section of the AGWA Tools menu. This brings up the 'Rerun
Simulations' window where you select the watershed that contains the simulation to rerun. With the watershed selected, the watershed 'Description’
button and 'Simulations' combobox are enabled, allowing you to view a description of the selected watershed and to select a simulation to rerun.
Once a simulation to rerun is selected, the simulation 'Description’ and 'Rerun’ buttons are enabled, allowing you to view the simulation description
and initiate the rerun.

The rerunning of simulations is provided to enhance the functionality of SWAT in AGWA. It gives users the ability to modify the input files for
SWAT outside of AGWA while maintaining the ability to import the results back into AGWA for visual analysis and comparison. The original simulation
results are maintained so that results between the original and rerun simulation can be compared. AGWA relies on the user's ability to edit the input
files correctly and assumes that if the files necessary to run the simulation are in place, then they have the correct formatting required by SWAT.

Contents
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15. Advanced Options

The 'Advanced Options' dialog, accessed through the 'Advanced Options' item on the AGWA tools

menu, gives the user access to additional options for AGWA. The options are enhancements to . T ool
AGWA that are not necessary for standard model calibrations and runs. Delineate " aterzhed
Run Land Cowver and Soil Parameterization
Specific information and - :
help for each component #! Advanced Options x| KIMERDS
of the dialog can be - L .
accessed through their Land-Cover Modification Tool Other erte KlNEHD_S Precipitation File
corresponding sections of [T Usze Baseflow (KINEROS] "Wiite Dutput File and Fun KINEROS
the manual. Run Toal | |nfo messages for: Wiew KINEROS Resultz
¥ swial W EIMEROS Rerun Exizting Simulation
Land-Cover
Modification Tool Hydraulic Geomety Relationships———— ST
:y;jr:u“ch(.;eometry ot Dafault | g Wit SWAT Precipitation File
elationships q .
Other Gearnetry Fizulle Btz iy Help | Clase Wirite Output and Run SWwaT
Wiew SWAT Results
15.1 Land-Cover Ferun Existing Simulation
MOd |f| Catl on TOO| Advanced Options

The Land-Cover Modification (Land Mod) tool was originally designed to be used with the AGWA tool as an extension for the ESRI ArcView GIS
software. With the current release of AGWA, however, it was decided to incorporate the Land Mod tool into the AGWA extension itself. The Land Mod
tool allows the user to modify a land cover map, and then run AGWA to determine the hydrologic effects of the land cover change. Land Mod is
accessed through the ‘Advanced Options' item on the 'AGWA Tools' menu.

Using the Land Cover Modification Tool with AGWA

AGWI: Generate Watershed Outline
for area of analysis, Subdivide
Watershed, Select Model

AGWA: Intersect Soils and
—+ Land Cover, Generate Rainfall file,
Run Model

AGYWA: View Results

3

Land Mod: Select type of land cover
change to perform

e -

~,

L 4

-

Land Mod: Draw pohon around area
to change or select polygon map to use
L A

-

[La'ld Mod: Create New Land Cover Map]

Figure 15.1a. Flow chart showing how to use the Land-Cover Modification tool with AGWA.

Run Tool
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Land-Cover Modifization Tool——

Fiun Tool |

Clicking on 'Run Tool' brings up the first screen seen to the right. This dialog presents 4 options of how to modify the land cover.

You may change all of the land cover in an area you define to a new land cover type.

You may change one land cover type in an area you define to a new land cover type.

You may supply a polygon map (i.e. a burn area or other area of interest) and change all of the land cover within the polygon to a new land cover type.
You may supply a polygon map and change all of the land cover within the polygon to as many as three different spatially random land cover types.

PONE

To proceed, zoom in on the area of interest, select which type of land cover

modification you would like to perform, and click the 'Continue’ button. #! Land Cover Modification Tool for AGYFA x|

Select Type of Land Cover Change

Zoom in oh the area of interest
)] & [ &

Zoom |h Zoom Out Pan Zoom ta Theme

{~ Change one landzover tpe to another in user defined area
= Change entire uzer defined area to new landoover bype
" Analyze a burm area or a polygon map

" Apply a random land cover pattern to a palygon map

Cancel

1. Change one land cover type to another in user defined area

When this option is selected the user is presented with the following screen:

#2 Land Cover Modification Tool for AGWA

[Land/Cover Tupe |

[Land|zover type ta change from |

LLand cover type to change fo |

[ ame the New Gnd I

Click OF. when you are ready to draw the palygon s |

around the area you want bo change. Cancel |

After filling in all the boxes, click OK to begin drawing a polygon around the area you wish to analyze. Land Mod will create a new land cover
map with the new land cover type which may then be used as a land cover map for Soils and Land Cover Parameterization.

2. Change entire user defined area to new land cover type

When this option is selected the user is presented with the following screen:
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#! Land Cover Modification Tool for AGWA& 5[

Change entire uzer defined area to anather land cover bppe

Select land cover grid to modify

[Land|zover type |

Select land cover bype to change o | |

[iame the [ ew Grid I

Presz OF. when you are ready to draw the polygon - |

around the area you want to change. Cancel |

After filling in all the boxes, click OK to begin drawing a polygon around the area you wish to analyze. Land Mod will create a new land cover
map with the new land cover type which may then be used as a land cover map for Soils and Land Cover Parameterization.

3. Analyze a burn area or a polygon map

When this option is selected the user is presented with the following screen:

! Land-Cover Modification Tool for AGWA : x|

Analyze a burned area or other area of interest uzing a polyon map.

Select polygon map | |

Select land cover map to modify | ]|
Land caver twpe | ]| fecept

Select land cover type to change ta | ]|

Mame the Mew Grid ||

Presz 0K when you are ready to continue. (] | Cancel |

4. Apply a random land cover pattern to a polygon map

When this option is selected the user is presented with the following screen:
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2 Land Cover Modification Tool for AE x|

Create a palygon filled with randaom land cover types.
Select the land cover map to modify, 2 or 3 random
land cover types, and the percentages for each.

Select the land cover map | Mlzdalbers0 |
Land Cover Tope H¥[E]HN

Mumber of land cover selections I 2 I ﬂl

|andcaver ype 1 | |=] percent I
land cover pe 2 | |=| percent I
|ard cover type 3 | |=| percent I

" Create random pattern grid

" Create patchy fractal grid

zmaller patches larger patches
e 0
0.0 1.0

Enter any negative number I

Mame the new grid I

PIOCEss | reset | cancel |

15.2 Hydraulic Geometry Relationships

Hydraulic Geomety Relationships—————

SetDefat | e Eony
G eometmy

The Hydraulic Geometry Relationships section of the 'Advanced Dialog' provides the user with a couple of time saving steps.

. The user has the ability to set default geometry. This is designed so that AGWA requires less interaction from the user through the delineation and
discretization process. Setting a default geometry here causes AGWA to set the default geometry for any new watershed discretization to the geometry
selected here without further user input. This simple option saves the user a little time if all watershed discretizations in the project will be using the same
hydraulic geometry relationship. The default geometry may be removed by clicking on 'Set Default Geometry' and then clicking cancel on the next dialog.
This will set the default geometry to nil and AGWA will begin prompting you again for the hydraulic geometry relationship in the watershed discretization
process.

. The user can rewrite geometries for watersheds already discretized. This is a useful time saving feature that allows users to change and compare channel
geometries without discretizing a new watershed. AGWA does not use the channel geometries until the input files for SWAT or KINEROS are written.
Rewriting the geometry here changes the channel widths and depths (according to the relationship chosen) in the stream attribute table. The stream
attribute table is then queried for each channels widths and depths during the writing of the input files.

15.3 Other

Other This section of the ‘Advanced Options' dialog provides the user the ability to use baseflow in KINEROS and to turn
™ Use Baseflow (KINEROS] on or off info messages and tips for KINEROS and SWAT.

Info meszages for:

Baseflow - Baseflow in KINEROS is an option for advanced users. To use baseflow, first you must have the 'Use
W SwaT ¥ KINERDS Baseflow' checkbox checked in the 'Advanced Options' dialog. Then, the user must edit the stream attribute table
of the watershed in which they wish to use baseflow. The stream attribute table and baseflow field, Qbase, can be
seen below. AGWA, by default, writes '-999.00' to all records in the stream attribute table during the watershed discretization process. This is to
prevent users from inadvertently using baseflow in KINEROS.

With the 'Use Baseflow' checkbox checked and all the records in the stream attribute table set to '-999.00', baseflow will not be used. To enable
baseflow for a particular channel, the channel's record must be edited to have a non negative value AND the checkbox must be checked. Three
different ranges in the Qbase field are of interest. They are
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. Values <0
s Baseflow is not written to the KINEROS parameter file for the current channel, infiltration is active in this channel.
. Values =0
o Baseflow is written to the KINEROS parameter file with a value of 0 for the current channel, resulting in no infiltration in this channel, even though
there is no contributing baseflow.
. Values >0
o Baseflow is written to the KINEROS parameter file with the values in the stream attribute table for the current channel, resulting in no infiltration in
this channel and a flow (m3/s) equal to the value in the stream attribute table being added to the this channel.

**Note that each record in the stream attribute table corresponds to an individual channel in the KINEROS parameter file. The entire reach is
composed of all the channels in the stream attribute table, so a reach may have gaining (Qbase >= 0) and losing channels (Qbase < 0) if positive
and negative values appear in the Qbase field for different records.

i Attributes of sk1
Fokr Araz S daas

0.3000 B3.00: 0.0050% -33300: 0.0106 ] 13350924.E7 132549364.90 | =
0.3000 63.00: 0.0050: -333.00 0.0134 g 2891125372 7320531 66
0.3000 63.00: 0.0050¢ -333.00 0.0216 v 12071280.05 12071280.05
0.9000 63.00: 0.0050 200 n.o1o0g 3 3134503.84 41277058.47
0.3000 63.00: 0.0050¢ -333.00 0.0602 4 7200802.28 720080228
0.9000 E3.00: 0.0050: -333.00 0.0242 E 15467355580 36933047.29
0.3000 63.00: 0.0050¢ -333.00 0.030 ] 1427364931 1427364981
0.9000 E3.00: 0.0050 200 0.0245 1 17596814.55 17596814.55
0.3000 63.00: 0.0050 200 0.0432 2 20546540.08 2054554003
0.3000 E300: 00050: -33300 0.0000 9 13360324 B7 132543364 20
0.3000 63.00: 0.0050¢ -333.00 0.0000 ] 2891125372 ¥7920531.ER
0.3000 63.00: 0.0050¢ -333.00 0.0000 3 313450384 41277853 47
0.3000 63.00: 0.0050¢ -333.00 0.0000 B 15463595.80 36938047.59 7

Kl | 3]

KINEROS applies an interpolation routine to the baseflow values. KINEROS keeps track of baseflow at the upper end of a channel, and linearly
interpolates the baseflow down the channel by looking at the value of baseflow at the next downstream channel. If no baseflow (a negative value in
the attribute table) is detected in the next downstream channel, baseflow is not interpolated and goes from the value in the upstream channel to zero
abruptly. To avoid this, set the baseflow in the downstream channel to zero so the interpolation routine remains active, though infiltration routines
will not.

For more information on baseflow in KINEROS refer to the KINEROS website and documentation at http://www.tucson.ars.ag.gov/kineros/.

Info Messages - These checkboxes appear so that users may turn off warnings and informational messages regarding the data being used as it
pertains to the model being run. When checked, warnings may appear (but will not prevent the use of AGWA) if the user is attempting to apply
SWAT or KINEROS with data that is not suitable for the models. Examples of this include but are not limited to: DEMs with a resolution too coarse to
apply the models accurately; low slope warnings for channels and planes with KINEROS; using soil maps for the land cover and soils parameterization
that do not completely contain the watershed being parameterized; or applying KINEROS to a watershed greater than 100 km?2.

Contents
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16. Temporary Files - Cleanup

Temporary files are generated during the watershed discretization and land cover and soils parameterization. These files accumulate rapidly if AGWA
is used frequently, and use an unacceptable amount of disk space, in addition to cluttering your workspace. Unfortunately, due to limitations
associated with ArcView it is not possible to remove these files as they are created (the project maintains pointers to these files and produces an
unlink error if they are deleted from within ArcView), and it has instead been necessary to come up with a creative alternative. Our solution has been
to clean up the working directory ("\av_cwd") when the project is closed through the AGWA extension's uninstall script.

The temporary files include:

intsec#.shp, .shx, and .dbf - the ArcView files for a temporary intersection theme generated during the land cover and soils parameterization.

. delta#t.shp, .shx, and .dbf - the ArcView files for a temporary theme generated during the watershed discretization.

. tarea#.dbf - a temporary database file generated as a byproduct of the Spatial Analyst ‘'Tabulate Areas' command issued during the land cover and soils
parameterization.

where the # represents a number appended sequentially by ArcView as the files are created. It does not matter how many of these files are in your
working directory; all of the temporary files will be removed regardless of the number.

Contents
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17. Troubleshooting

AGWA does not contain an integrated help system. However, context-sensitive help is available by using the 'Help' buttons placed throughout the
AGWA dialogs. Additionally, we have compiled a list of helpful tips and tricks and a list of more common errors that may occur; these lists can be
referenced to help correct some common errors. ArcView-specific help is available through the help menu.

17.1 Tips and Tricks

DEM Handling

s In many situations a watershed will lie on two or more DEMs, which must be mosaiced together before the watershed can be delineated. An ArcView
extension called Grid Utilities, written by Min-Lang Huang huang@dprc.ncku.edu.tw, provides the functionality to mosaic DEMs in this situation.
The extension, gridOl.avx, and a Grid Utilities v1.1 User Guide.pdf are available for download from the AGWA website, http://www.tucson.ars.ag.
gov/agwa/, in the Downloads section. An example problem is also available at the AGWA website that provides step-by-step instructions on how to
do this.

s Clipping your DEM and land cover grids to a small buffer around the watershed will reduce processing time for the watershed delineation and land
cover parameterization, respectively. The XTools extension, written by Mike DeLaune, Oregon Department of Forestry, provides the capability to
buffer and clip grids. It is available for download from the AGWA website, http://www.tucson.ars.ag.gov/agwa/, in the Downloads section.. More
information about XTools can be found at: http://www.odf.state.or.us/divisions/management/State_forests/XTools.asp

s Flow direction and flow accumulation grids generated from a DEM can be used more than once. Avoid generating these multiple times for the same
area to minimize the space that will be used on your hard drive.

Naming Files

s No spaces - ArcView has problems reading directory and file names with spaces in them. We have attempted to prevent you from using spaces in
file and directory names entered through AGWA, but user-generated files that are added to the project can still cause problems.

s Minimize name length - In general, longer file names are less efficient than shorter ones. In certain situations throughout AGWA there are specific
maximum file name lengths, and you will be notified if you enter a name that is too long. Beware, however, that we may not have caught all of
these, and consider that there can be name length restrictions if you are having difficulty with a particular file.

s Reserved names - several file names have been designated for temporary files created by AGWA as well as those used and users should NOT use
them. They include: tarea (any file type), delta (any file type), intsec (any file type), dsgnstrm.dbf, kin_lut.dbf, swatpptfiles.dbf, and wgnfiles.dbf

Managing Themes (grids, coverages and shapefiles)

5 Grids and coverages - Do NOT move grids or coverages using Windows Explorer unless you copy the entire directory in which they reside. If an
individual grid or coverage must be moved from one directory to another, use the ‘Manage Data Sources..." option under the 'File’ menu when a view
is active. Also use this option if you must delete a grid from your hard drive.

o Shapefiles - A shapefile actually consists of five files: .shx, .shp, .sbn, .sbx, and .dbf. If necessary these can be copied or deleted using Windows
Explorer, but be sure to copy/delete/move all of them together.

SWAT Input Files - The input precipitation file for SWAT (*.pcp) contains the average latitude, longitude, and elevation of the watershed. The average
elevation value is derived from the DEM, and precipitation values are adjusted for elevation in subbasins where elevation bands are defined. The latitude
and longitude values, however, are simply for your records, and are not used by the model. Due to the difficulty of converting UTM data into Lat/Long
coordinates we have used fixed values in the precipitation file that do NOT reflect the watershed you have selected.

Data Projections - One of the problems with downloading data from various sources is that the data are not always in common projections. The NLCD
data, for example, come in either "Interrupted Goode Homolosine" or “"Lambert Azimuthal Equal Area" projections, while the STATSGO data are projected in
"Albers Equal Area" and USGS data are mostly in "UTM". AGWA presumes that the user has working knowledge with projecting data, but it is crucial that
the GIS data share common projections before geospatial assessments are made. Please consult the ArcView Help menu if you are not sure how to
declare/transform the projection of a data theme.

Very Small Watersheds - Very small watersheds are difficult to delineate in AGWA because of the minimum value that is set for the CSA (20 acres or 8.1
hectares), and a relatively large threshold used in creating the stream2500 grid. To get around these problems you will need to do the following:

s la. From the project window select 'Scripts’ and click 'New'. Next, from the 'Script’ menu select ‘Load system script’, and then select the script ‘ws.
dialog.wd2.contPanel.contArea.accept’ and click 'OK".

o 1b. Scroll down to find the minimum CSA value, which is called 'myMinValueAC'. Change this value to the desired minimum level**, and then click

v
the button at the top of the page to compile the script.
s 1c. From the 'Script’ menu select 'Properties' and change the name to ‘ws.dialog.wd2.contPanel.contArea.accept’
s 2a. From the project window select 'Scripts’ and click 'New'. Next, from the 'Script’ menu select 'Load system script’, and then select the script 'ws.
dialog.wd.contPanel.flowAccum.accept' and click 'OK".
s 2b. Scroll down to find the first occurrence of the variable 'myStreamGrid’, and then lower the value of 2500 to the desired value. Click the

‘: button at the top of the page to compile the script.
s 2c. From the 'Script’ menu select 'Properties' and change the name to ‘ws.dialog.wd.contPanel.flowAccum.accept'

**Note that we have set a minimum CSA value because using areas smaller than 20 acres creates the potential for errors to arise
during the land cover and soils parameterization - see error message | in the Error Messages section. Also, bear in mind that using a

small CSA value on a large watershed will result in a very large number of planes and channels, and other problems may arise.

No Data In Results - In certain rare situations for specific CSA values there can be a problem with the watershed discretization that results in KINEROS not
running to completion. This happens because of an error in the watershed discretization process that occurs when a stream channel forks just below two
adjacent upland elements. It can be avoided be changing your CSA value up or down slightly until the problem goes away. Efforts are currently under way
to trap and rectify this problem during the discretization process and before KINEROS is run, so watch for updates soon.

17.2 Error Messages
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Despite our best effort to trap likely errors, the determined/frequent user -
will still undoubtedly get error messages on occasion. Some of the more @2 Error EI
common of these are described below along with suggested solutions.

1. Land cover grid cell size is too large for the subdivided L._and cover grid SESE too large for watsrshed configuration.
Either rezample arid or uze a larger CSA.
watershed.

In the case where the CSA is quite small and the land cover grid has a
relatively large resolution, AGWA cannot accurately determine the average
land cover properties of the watershed elements. In this case, the user has
two options to get around the error:

Option 1: Re-run the watershed delineation routine, this time with a larger CSA so that none of the individual planes is smaller than the cell
resolution.

Option 2: Resample the land cover grid so that the resolution is less than the original data set. Note: resampling the grid to reduce the cell size
does not affect the AGWA algorithms that are used to define watershed characteristics; nor does it "improve" the land cover data, and users are
advised to use the original data in all subsequent GIS operations.

To proceed with option 2, the user has several methods at his/her disposal. If the "Grid Utilities v1.1" extension has been loaded, the grid can be
resampled by:

1. clicking on the table of contents of the grid you wish to resample

2. clicking on "grid. change cell size", as shown here:

#! Automated Geospatial Watershed Assessment (AGWA) tool ¥1.4
Eile  Edit Yiew TIheme Analpsis  Surface Graphics  Window Help  AGWA Tools

@ fiozaic Grid Themes

| & | Eutract By Boundary GTheme

CONRNECER R
& viieer | Change Cell Size
Set Mull Data az ... ;

Fr,

3. set the new cell size to a lower resolution than the original grid

An alternative approach is to use the native ArcView / Spatial Analyst functions. To do so, first set the Analysis Properties of the View such that
the resolution is lower than the original grid. For example, if the original grid had a resolution of 60m, the user could select a resolution of 30m, as
shown here. Next, use the Map Calculator to create a new grid based on the old one:
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Analysis Properties: ¥iewl

&nalysiz Extent | Same Az Malc_ 1997 |
Left | 532964450939 Top | 3592674.057346
Bottom | 3426114.057846 Right [ 608324.450339

Analyziz Cell Size -G

Cell Size 1 B0 Map Units
Murnber of Rows I 2776
Mumber of Colurnns 1256
Analysis Mask | Mo Mask Set =]

Ok Cancel |

#! Map Calculation 1 _ ||:||£|
|L|:|g;|arithms |
Layerz
[Malz_1337] - B | g |

[Malz_1937 . Coun
[Malz_1337 . Prprtr

Eup | LogZ |

ENNE

Exp10 | Logi0 |

[iiac 13371 =

Evaluate

At this point, a new grid with a smaller resolution will have been created. Use this grid in subsequent land cover parameterizations.
Note: if the new name of the grid is overly long or contains spaces, re-name it.

Il.  Error calling unlink for file: Returned Error Code 13.
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This error should have been fixed by our modifications to extension
uninstall scripts, but may still cause problems. The error occurs when AGWA
does not complete the land cover and soils parameterization. In this case,

i Error |

Errar calling unlink for files are orphaned on the hard drive but still connected to the ArcView
chagwaitastest] 4ty cwdvtareal dbf project. If the error appears you should save the project and try again. If
H.etugrlned error code 13 ' this is unsuccessful these files must be cleaned up by the user before AGWA

will proceed.

»Step 1. ldentify the working directory in the Project. To do so, open
a View and click on "File. Set Working Directory”. You need to
remember this location for the next step. A good technique is to

highlight the path and copy it into the Windows buffer.
»Step 2. Close the project & quit ArcView
»Step 3. In Windows, navigate to the Working Directory you found above.

»Step 4. Select all the files starting with "delta", e.g. deltal.dbf, deltal.shp, etc. Delete these files. Doing so will not harm your
AGWA project but will allow you to keep working.

»Step 5. Re-start your AGWA project & continue to work.

I1l. "There was an error running KINEROS. Please try again". Topography & Channel Routing is lll-Defined
This is the hardest of the AGWA errors to spot

immediately. The user is usually unaware that something
has gone wrong until either the SWAT or KINEROS model
has been run (and failed). This normally happens when
the channel network is quite linear or the topography is

e T 1Y

*
relatively flat. In this case, AGWA fails to determine the o “N___
H ivi [ B . .
correct routing structure an_d does not subdivide the i CEA = 20 Acre This single plane should
watershed into the appropriate watershed elements, as e L i
shown here. Note that in this picture the watershed has = fncorrect routing be splitinto 2 elements.
o ot

been re-drawn with the legend type of "Unique Value"
and the "Value Field" set to "WS #" so that it shows the
watershed planes as unique colors. In this case the
planes are not subdivided properly.

i

Mote that the channels
do not subdivide the
watershed planges.

To fix this problem, the user must go back and re-
select a new, slightly larger or smaller CSA. The problem
arises based on the intersection of channels, and
changing the CSA will alter the routing structure,
hopefully resulting in a proper subdivision of the
watershed. In the picture shown above, the CSA was
enlarged to 25 acres and the watershed subdivision was
successful

hEGAEERETREZZERSTATIIAZIRIBR AR LA
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Bl L e Jhems s Gides Gephicc Klook irose Hap AW Tock  ATILA

EIEE O & ] &

There are now 2 planes
contributing to the channel

Mote that the channels
subdivide (intersect) the
watershed |CI|E|T'IES.

TTREEBEEAAS I R RIDRTAAL AR NN Be

EEER
-~

FEEE

Watershed configuration is [ess
complex — [0s5 of upland element

1V. Watershed Discretization Error (KINEROS2)
Under certain circumstances the planes will be numbered incorrectly, and

this will result in the sand, silt, and clay fractions not summing to 1 (+- i} Soil Texture Error X
0.03). This will cause problems when attempting to run KINEROS, even

though it does not complain. Although we believe we have isolated and AW has detected an Emar with the sand zilt and clay
corrected this problem, we have left the error trapping in place to warn users fractionz not summing to one. Thiz will cause problems when
that a problem exists before any time is spent manipulating and running a KIMEROS iz run, and iz likely to result from missing data in the

particular watershed. _harizon.dbf file for one or more SSURGO Mukeys

V. Problems with Internal Gages (KINEROS2)

When using internal gages in the watershed discretization, having gages in
close proximity to one another is a known cause of problems with the
watershed discretization. In addition, having gages in close proximity to channel junctions causes problems with the discretization. Both of these
situations cause very small lateral elements to be created, but because these elements are so small they are snapped out of existence during the
discretization (an unfortunately necessary step in the process). Problems associated with either of these situations will generally result in the error
messages described in sections 1l and IV. To avoid them, try to keep gage locations as far apart as possible, and as far from channel junctions as

possible. The insertion of gages at channel junctions is unnecessary because the planes/channels are already split there, and output will therefore be
reported by KINEROS2.

V1. Soil-Watershed Intersection Error
This error occurs when the soil theme used in
the land cover and soils parameterization does Watershed does not lie within soil theme
not completely contain the watershed that is
being parameterized. This is only a critical error
when a SWAT watershed is being parameterized
with SSURGO soils; in such a case, AGWA will
prevent the user from proceeding. With any
other configuration, AGWA will give the user the
option to proceed, but with the warning seen at
right. When this error message appears, it could
be a result of a hole in the soils coverage or
because the soil coverage boundary doesn't
extend beyond the watershed boundary. This ez
causes the parameterization of the watershed to
have missing or zero values, which results in
inaccurate parameterizations and, in the rare case, even prevents AGWA from running to completion. To avoid this problem, you can clip the DEM

grid to the soils theme to prevent delineating a watershed beyond the boundary of the soils coverage. Follow the instructions in 'DEM Handling' in
the Tips and Tricks section.

The watershed does not lie entirely within the soil theme, AGWA requires zoil data for the entire
watershed, zo the watershed must be contained within the extent of the zoill theme. 'ou may
proceed anwway, but be advized AGWEA may crazh or the parametenization may be inaccurate.

Proceed anyway’?
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VIl. Problems with the watershed
discretization

Despite attempts to catch this problem early, ;I
on certain occasions KINEROS or SWAT will not ] =me
run completely and no error will be produced. 452.824 - 114
This generally happens when there is a problem 1145223 - 18
with the watershed discretization, and results in 1837 522 - 25
no output data being written to certain model o 25300zz - 32
elements. To help users catch this problem we ,éﬂ~_¢"'3222-421 - 34
have changed the color for 'no data' values in 391482 - 460
the results visualization to RED (shown to the N“GUT-NQ =52
right). If you see red watershed elements when N5299-519 - 58
you view results that means that KINEROS or ~5992-U19 - B
SWAT must have not run correctly. HNo [ ata
Unfortunately there is no easy fix for this ﬂ i
problem because it results from awkward [ 13783 - s722
channel/plane configurations that occur at 572 '2? : 1D|:lé
specific combinations of channel network shape :
and the user-selected CSA value. We [] 100671144
recommend increasing or decreasing the CSA [ 194115 - 187
value slightly and trying again. = ;2:332 : g?;

B 273447 - 217
VIll. DEM Resolution Warning B 217201 - 261

404

i Warning! Coarse DEM resolution dete

x|

The DEM rezolution, 85,641 meters, iz higher than the 30m
mninimurn recommended DEM resolution for uze with KINEROS
or ST

Higher rezolution grids are available free for the LIS from

http: /¢zeamless. uzgs. gow.

This warning occurs when AGWA detects the DEM resolution (grid cell size) is greater than 30 meters. This is not an error in AGWA, rather itis a
warning to the user. Coarse resolution grids can cause problems during the SWAT and KINEROS discretizations that may the models to crash or the
soil and land cover parameterizations to fail. We have had great success using grids with a resolution at or above 30 meters and recommend,
whenever possible, to use grids with 30 meter or better resolution. (Note that a higher number for the grid resolution means a more coarse

resolution and a low number for the grid resolution means a high resolution).

IX. Low Elevation Warning

This warning occurs when the user accepts a DEM in the 'Watershed
Delineation' dialog and AGWA detects the selected DEM has elevations at or
below sea level. This warning has a few purposes: AGWA has trouble filling,
delineating, and discretizing DEMS with low elevations and low slopes; the
kinematic wave equation used in KINEROS is not applicable in low slope
situations; and KINEROS is not applicable in coastal regions.

X. Large Watershed Warning

This warning occurs when the user delineates a watershed with an area
larger than 100 square km and chooses KINEROS to discretize the watershed
for in the "Watershed Discretization' dialog. It serves as a warning to users
that KINEROS is not designed to be applied for watersheds larger than 100
square km, though KINEROS will still run successfully.

Questions and/or comments regarding additional program errors may be
directed to:

Team AGWA:

agwa@tucson.ars.ag.gov

17.3 How to Get AGWA Help

AGWA Toaols AGWA Help

& wE-

ARWS has determined the zelected DEM may either lig in a
coastal region ar in a region with elevations at or below mean
zea level. AGWA may have trouble filling, delineating, or
dizcretizing thiz DER.

_ o |

i Large watershed area detected!

@

WARMIMGH Model performance significantly declines when
applied to watersheds with areas larger than 100 square km.
“'our watershed haz an area of 201,47 square km.

While using AGWA it is possible to open the user's manual and get help simply by clicking on the AGWA help button shown in the picture above. This

will open the AGWA documentation automatically in a new window.
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Help may also be obtained by clicking the 'Help' buttons that are present on most of the AGWA dialogs (windows). These buttons will open the
User's Manual directly to the section that describes the part of AGWA you are working on when you click the button.

** Note the AGWA help button shown above is only available when the AGWA View is active.

17.4 How
to Get
(ArcView)
Help

AGWA is so
helpful and
easy to use
that it will
actually help
you to get
help! Just
select "How
to Get Help"
from the
"Help" menu
and this
window will
help you to
find help for
whatever you
may need
help with.
This window
is very similar
to that of one
that appears
after the
Index of the
Help menu is
used.

Perhaps the
most useful
tool in
ArcView help
is the index
feature
located under
the "Help"

2 Arc¥iew Help

File Edit Bookmark ©Options Help

=101 x|

Helplu:upiu:sl Back |§Iu:ussar_l,l

How to get help

To find out what a button, tool. or menu choice does

choices an some platforms./

To get help about a button, tool, or menu choice

2
1 Click the Help buttan .

2 Click the buttan, tool, or menu choice you want to get help about,

To get help about a dialog box
» Fress the F1 key on your keyhboard when the dialog box is displayed.

To browse the contents of Arcview's help
1 Fromthe Help menu, choose Help Topics.
2 Click the Contents tah.

To search the index of ArcView's help
1 Fromthe Help menu, choose Help Topics.
2 Clickthe Index tab.

To search ArcView's help for a particular word
1 Fromthe Help menu, choose Help Topics.
2 Click the Find tak.

To get help about the currently selected class. request or enumeration in a script
1 Double-click or drao-select the term wou want heln for in the scriot wou are working an.

=

menu in the menu bar in the submenu "Help Topics." Here, the user can type in a word that he wishes to learn more about and find a matching topic
that will bring up a definition and perhaps an example or how to use the feature in question. This is particularly useful if you are in the middle of an

application and would like a brief but informative amount of material to help you further your interests. Other choices in the window are the
"Contents" and "Find" tabs which are more detailed and usually unnecessary variations on the "Index" tab. Once a topic is selected, a "ArcView Help"

window will appear and become a plethora of information to the user and providing a detailed account of actions and features the user may be

interested in. Many of the help windows also include an example so that the user can see the steps applied to a practical situation, perhaps similar to
their own predicament. The window also includes the option to search the glossary or return to the Help Topics window. Also present in most help
windows are links to related topics, that the user may wish to browse at their leisure to obtain a more in-depth answer to their question.
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Help Topics: Arc¥iew Help

Contents  ndex |Finu:| I

1 Type the first few letters of the word you're looking for.

21|

2 Click the index entry you want, and then click Dizplay.

| [Request]

% [Request]

% [Request)

* [Request]

.. [Request)

.dgn

.dwig

sk

.00 filez, importing
.mxz file, geocoding
pj files

! [Request]

@ [Request)

” [Request]

| [Request]

- [Request] g

=

Dizplay I Fritk..

Cancel |

17.5 About ArcView

Here you can find out various legal information about ArcView
and reference information you may need.

Contents

#2 About ArcYiew

Arcview GIS 32
Copyright 2 1992-1939

E rvironmental Syztems Research Institute, Inc.
All rightz reserved.

Partionzs created ugsing Mewron D ata's Open Interface
zoftware program. Meuron Data, [nc. 1931-1996.
All rights rezerved.

Portions copyright 1991-1395 Arthur D. Applegate

Thiz product iz licensed to;

SheaBurns
5D - ARS - SWRC
Product 1D:

YWarning: This computer program iz protected by copyright law and intermational
treatiez. UUnauthonzed reproduction or distribution of this program, ar any
portion of it, may rezult in zevere civil and criminal penalties, and wil be

progecuted to the masimum extent pozzsible under the law.
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